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INTRODUCTION 
This study attempted to define antigenic or lectin-reactive 
factors on dog erythrocytes, and to place these factors into blood 
group systems. The experimental dogs were from various sources, but 
mainly from the Iowa State University Veterinary College colonies. The 
reagents were developed using normal dog plasmas, isoimmune (alloimmune) 
and heteroimmune sera. Various seed^ extracts were tested with dog 
erythrocytes to find those showing individual differences for dogs. 
The lectins with pronounced reactivity against dog red-blood cells or 
showing the possibility of individual differences among dogs were ab­
sorbed with dog erythrocytes to produce a few reagents showing differences 
in agglutination of red-cells. The most important reagent among the 
lectins was an extract of Bandeiraea simplicifolia absorbed with low-
titer beagle red-blood cells. This reagent showed individual differences 
between red cells of both dogs and man. 
The mode of inheritance of the various factors was determined 
by studying the pedigrees of the four hundred dogs which were in Dr. 
Donald D. Draper's colony for the study of spinal dysraphism, and Dr. 
Michael J. Brown's beagle colony for the study of diet and aging, and a 
few pet dogs. After the reagents were developed, their reaction fre­
quencies were found using blood samples from 214 Iowa dogs including pet 
dogs from the Rembrandt, Iowa area, dogs being treated at the Iowa State 
University Small Animal Clinic, and dogs from various pounds around Iowa 
Plainly collected by Mary Sanders of Arnold Arboretum, Jamaica 
Plains, Mass.; Willis Skrdla, ISU Plant Introduction Center; Kenneth 
Kopf, AID, Logos, Nigeria; Wilmer Miller, Genetics Department. 
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which were being used at the Iowa State University Veterinary College. 
Dogs from various sources outside of the colonies, both of pet and 
pound origin, were used to obtain a representative random sample for 
the population frequency study. 
Little is known about dog blood types in comparison to the advanced 
stages that human and cattle blood-typing research has reached. Swisher 
and Young (1961) reviewed the early work on dog blood types as well as 
reporting their own work. They noted that the first work was reported 
in 1910 by Von Dungern and Hirszfeld who found four blood-type reagents. 
Swisher and Young developed a total of eight reagents. Their purpose 
was not to find all possible reagents. Instead they wanted to see if 
dogs behaved like other animals in isoimmunizations, because some early 
researchers were unable to find blood types in dogs. Bull and Bowdler 
(1972) surveyed the dog blood types of related species, especially the 
coyote and Australian dingo. They also compared human red-blood cell 
antigen A to the Tr antigen on dog red-blood cells (Bull and Bowdler, 
1972; Bowdler ec al., 1973a; 1973b). 
Blood types in dogs are important in veterinary medicine because 
foreknowledge would help prevent transfusion incompatibilities. Dogs 
in experimental surgery and those being operated on after serious 
injuries often need multiple blood transfusions. 
Blood types which are not of major importance in transfusions are 
still important in practical ways. Parentage suits were originally 
most important in humans, but they are now also important in purebred 
cattle and horses. Bulls used in artificial insemination in the United 
States since 1948 have been required to be blood-typed in anticipation 
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of analyzing parentage problems (Richard E. Nelson, Special Assistant, 
Holstein-Friesian Association of America). The Arabian Horse Registry 
currently requires that a stallion have his blood type on record before 
registering any of his offspring (The Arabian Horse Registry of 
America, Inc., 1977). 
Blood-type evidence is also beginning to be used to 
check parentage for experimenters as well as to verify pedigrees for 
breeders. The greater the number of blood types that can be tested for, 
the better the chance of being able to exclude an incorrectly assigned 
parent. The frequency of the various blood types is also important 
to know because the frequency is often characteristic of a breed and 
some may be unique to a breed as a factor or phenogroup. Further, it 
is preferred to use factors that are neither too common nor too rare in 
blood typing. Also, different heterotic combinations may be important 
in different genetic backgrounds. Additionally, blood factors may also 
be genetically linked to alleles being selected for or against by 
professional dog breeders. It is. possible to have pleiotropic effects 
at the blood group loci as well. Therefore, blood typing is important 
from a variety of viewpoints. 
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REVIEW OF LITERATURE 
General Blood Typing 
Transfusions were attempted early in medical history following 
the recognition of blood as a life-supporting substance. The first 
recorded blood transfusion was performed in 1665 by Lower and, in­
terestingly, both donor and recipient were dogs (Canis familiaris) 
(Wiener, 1962). Initially, many transfusions, especially with human 
recipients, were unsuccessful due to incompatibilities and other 
complications. 
Many of the generalities of immunogenetics can be illustrated with 
the following well-known examples from human blood-typing as reviewed by 
Wiener (1962). The study of transfusion incompatibilities began in 
1900 when Landsteiner reported normal antibody data which resulted in 
the development of the ABO blood group system in man. The ABO blood 
group system was also the first immunogenetic system found to have 
three alleles when Bernstein used the Hardy-Weinberg "equilibrium 
formula" on it in 1924. Since then, subtypes have been found in this 
system which disclose still more alleles. The M and N blood factors 
were observed in 1927 by Landsteiner and Levine. The reagents were 
developed from anti-human sera from rabbits heteroimmunized with human 
red-blood cells, then absorbed with other human erythrocytes. 
M and N are co-dominants in inheritance, and form a closed system, i.e., 
everyone reacts with one or both antisera. In 1940 Wiener and Peters 
demonstrated the importance of the Rh factor as a cause of hemolytic 
transfusion reactions, and Levine and Katzin found it to be a cause of 
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erythroblastosis fetalis. Race and Sanger (1975) gave further illustra­
tions including the dependence of gene expression on independent loci. 
This dependence is exemplified by the epistatic 'Bombay' null allele 
which prevents the expression of the ABO locus. Also interactions 
occur between genes at separate loci to produce a new specificity such 
as the interaction between Lewis and Secretor producing the blood type 
Le^. Other discoveries came rapidly in man and animals, and 
allowed some generalizations about vertebrate blood grouping (Miller, 
1976). 
With the recognition of erythrocyte antigenic factor associations, 
Stormont et al. (1950) showed that they occurred as inherited groups 
(phenogroups) in cattle. They were able to place thirty antigenic 
factors together initially in such phenogroups. They used blood-typing 
data from 1000 offspring of 50 blood-typed bulls and also had the blood 
type of most of the dams. Twenty-one of the factors were inherited in 
eighty various combinations in the blood system called B; the rest formed 
a smaller system called C. Such phenogroups (haplotypes) also occur 
within the Rh system in man. Two major theories have been proposed 
to account for those with multiple specificities. Race and Sanger 
(1975) continue to support the theory that phenogroups are caused 
by a set of closely linked genes, so close that crossing-over has not 
been observed, Wiener (1962) continues to support his theory that each 
group (agglutinogen) is controlled by a separate allele. The phenogroup 
may include a subtype relationship, the simplest of which is a linear 
subtype. 
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Subtypes are differentiated by antibodies against their slightly 
different structures, in that both factors react with one reagent while 
only some react with another reagent. For example, cell samples pos­
sessing different subtypes will exhibit an asymmetrical pattern of 
reaction with two or more subtyping reagents, such as and of 
man. Such asymetrical, linear similarities in reaction pattern connote 
allelism even without other tests (Miller, 1958; Hildemann, 1970). 
There are only a few exceptions to the general rule that an anti­
genic blood factor is determined by an autosomal dominant gene. One of 
the exceptions was reported by Sprague (1958) who observed that 
of cattle is the result of a recessive gene. Hildemann (1970) re­
viewed other complications including in sheep the antigenic 0 (or r) 
blood type, the result of a gene recessive to its allele determining 
the antigenic R blood type. A separate locus has an epistatic null 
allele which can prevent the expression of either 0 or R. The human 
blood factor Xg is another exception as it is determined by a gene 
located on the X-chromosome. 
Neonatal hemolytic anemia can be acquired either prenatally or 
postnatally depending on the species. Antibodies acquired prenatally 
cause erythroblastosis fetalis of human babies. Franks (1962) showed 
that equine foals absorb the antibodies that attack the red-blood 
cells postnatally from the sensitized dams' colostrum. 
The B locus of chickens best exemplified that blood types can be 
directly involved in performance and health traits. According to 
Allen (1962) chickens heterozygous at the B locus have a selective 
advantage over those homozygous at the B locus. In addition, chicks 
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from certain of the possible B genotypes have an advantage over identical 
chicks from the reciprocal cross. This advantage may be caused by some 
difference in the egg. 
Dog Erythrocytes 
After Lower's dog transfusion in 1665, the next study in the 
literature cited by Wiener (1962), was in 1910 when Von Dungern and 
Hirschfelt failed to observe isoagglutination in dogs, but they were 
able to distinguish dogs on the basis of human blood-typing sera. The 
next year Ottenberg, Friedman and Kalishe did find weak natural iso-
hemagglutinins and later found that incompatible transfusions were 
dangerous. They noted the strong tendency of dog red-blood cells to 
hemolyze, 
Olson (1940) reviewed some of the previous literature on natural 
hemagglutination along with his own findings. As cited here, McEnery, 
Ivy and Peehous in 1924 did extensive work on natural isohemagglutination 
and reported 533 positives out of 2,270 dogs tested, but they did not 
establish any groupings. Olson also noted that Lauer in 1930 was unable 
to find any positives in over 200 tests. In 1936, Melneck, Burrach and 
Dowgill succeeded in finding immune isohemagglutination in dogs. This 
was confirmed by Wright also in 1936. Cowgill in 1937 differentiated 
two isoimmune blood groups, the first groups indicated in dogs. In 
1940 Olson was able to find isohemagglutinins in plasma. However, he 
was unable to find them in serum, which led him to believe that iso­
hemagglutinins never appeared in dog serum. He also noted that dog 
cells may hemolyze without any relationship to agglutination or to any 
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known immunological mechanism. 
Hamilton (1948) stated that.in 1935 Wiener joined the ranks of 
the researchers who were unable to find distinct isoagglutinins against 
normal dog erythrocytes, Hamilton studied the normal isoantibodies of 
19 mongrel dogs. He found that his cell-albumin-serum method could place 
17 (90%) of these dogs in one of two reactive groups. Hemolysis of 
dog red-blood cells was also nonspecific in this series of tests. 
The next year Young et al. (1949) studied incompatible blood 
transfusions which occurred when the blood type Do, later renamed A, 
was transfused into negative recipients. When immunized bitches whelped, 
the anti-A antibodies in colostrum could produce hemolytic disease in 
the newborn positive puppies. Christian et al. (1951) noted that a 
singlelarge dose of whole blood rarely resulted in antibody production. In­
stead, most antisera resulted from a series of small injections as is typical 
with other animals. They also distinguished between A and A' (sub­
divisions of A) on the basis of technique needed to establish the 
reaction. Within each group, A and A', were detected by slightly dif­
ferent antisera. There was no evident attempt to remove weak specificities. 
Young et al. (1951a) continued to study the hemolytic disease 
of newborn pups caused by antibodies acquired from the dam's colostrum. 
They continued to distinguish between A and A' on the basis of antibody 
reactivity, i.e., A causes lysis and fixes complement as well as 
agglutinates red red blood cells, whereas A' antiserum was often in­
complete and detected only by the Coombs test. 
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The same year Young et al. (1951b) published data on the frequency of the 
dog antigens A, B, C, D, E, F, and their various combinations. The 
antibody against D was found in normal sera whereas the others were 
elicited in response to twice-weekly injections of 5 to 20 ml of 
whole blood. 
Stohlman .(1953) made an extensive study of a factor in dog blood 
which increased the antibody reactivity strength. He concluded the 
enhancer was probably complement; however, it had many characteristics 
which were at variance with this conclusion. This substance enhances 
both lysis and agglutination, with a higher titer for the agglutinative 
than for the lytic response, the reverse of cattle isoimmunizations 
(W. J. Miller, Genetics Department). Stohlman also indicated that this 
substance fixes complement, although the test demonstrating this was 
not indicated. Although the substance was inactivated when heated to 
56°C for thirty minutes, it could not be replaced by guinea pig, rabbit, 
human, equine, or swine sera which would be expected to be good complement 
sources. The various chemical means that were used to selectively in­
activate the complement were consistent in destroying this enhancing 
effect of normal dog sera. In certain cases bovine serum can restore 
activity to these chemically treated dog sera. In spite of the in­
consistencies, Stohlman felt this substance was complement. 
Scheller and Mycielski (1953) in the English summary of their 
paper indicated that they found five different serological groups. They 
also found a bitch which had developed antibodies to the semen of one 
of two males which secreted erythrocytic antigens into their body 
fluids. These antibodies caused her pups to develop erythroblastosis. 
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These experimenters were the first to utilize absorptions to remove 
unwanted specificities from dog reagents. 
Cohen and Fuller (1953) studied the inheritance of the blood 
types found by Young and his group. The genes producing the blood 
antigens were all found to be dominant, with no linkage, and no 
multiple alleles. Although factors A to D were available to be 
studied, only A, B and D were segregating and assorting, since all 
had C. Because of the small number of pups in a litter, they 
combined litters to get their ratios. 
Swisher and Young published their best known paper in 1961. They 
did not intend to exliaust the blood group information in dogs. Instead 
they wanted to confirm that it was analogous to human blood typing in 
some ways. By this time they had found seven factors. One group, D, 
was detected originally by normal antibodies. Immune antibodies 
were produced by isoimmunizations and used as reagents, evidently without 
any absorptions. A and A' were now called A^^ and A^ respectively, 
and are the main cause of incompatibility problems in dog to dog 
transfusions. This incompatibility was usually detected by half-life 
reduction of red-blood cells, and the effects were rarely severe or 
lethal, unlike incompatibilities in man. The dog was more likely 
to die when the donor's blood contained antibodies against the recipient's 
red—blood cells. These researchers also found that the percentage of 
reactors to the various blood group reagents were the same in various 
parts of the country and among various breeds. This indicated to them 
that blood group variations were established before the various breeds 
developed. They also noted that the nonspecific lysis of the red-blood 
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cells and found that 15% of the red-blood cells lysed at 37°C vitro, 
unless glucose was added to the solution. 
Swisher et al. (1962) observed for the first time, by studying 
the progeny,that A and C were assorting independently. However, in 
their family only one pup was a recombinant out of a litter of 
seven, if the critical parent had the antigenic blood factors genes 
in repulsion (= trans) phase. 
Cleton (1965) injected dogs with leucocytes intradermally to produce anti 
bodies, but these antisera did not cross-react with the red-blood 
cells of the donor, Isoantibodles which fixed complement were pro­
duced against platelets injected intradermally or intravenously. 
A short paper by Dudok et al. (1967) indicated that dog blood type 
A was the only antigen of clinical importance. When incompatibilities 
in this system existed in dogs receiving transfusions and undergoing 
experimental or other surgery, the dogs often went into shock and died. 
Unlike previous researchers, Rubenstein et al. (1968) produced 
antibodies by injecting tissues rather than blood into the recipient 
dogs. Some of these antisera reacted with the red-blood cells as well 
as the tissue of the donor. Of the twelve erythrocytic reagents produced 
after necessary absorptions, one was similar in reactivity to D of Swisher 
and Young's reagents. The rest showed no relationship to Swisher and 
Young's reagents A, C, or D; B, E, F, and G were not studied. In the 
twenty families studied, the factors appeared to assort independently 
of one another. 
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Kamel and Ezzat in Cairo, Egypt (1969) found five blood groups 
which they called A to E. Like the A in Swisher and Young's system, 
the Egyptian A caused clinical symptoms when transfusions were made 
between incompatible animals. Unfortunately, none of the reagents 
produced by Swisher and Young's group have been cross-compared with the 
Egyptian reagents because the antisera "degenerate" when shipped long 
distances. The Cairo group had to use 20 ml. injections of whole blood 
instead of the 5 ml. amounts of Swisher and Young's group because they 
said this smaller amount of antigen did not stimulate adequate anti­
body production. 
The first possible linkage of dog blood groups with nonblood 
group characters was found by Selmanowitz et al. (1970) who studied 
a hair defect in poodles. Two affected male littermates had the same 
blood type, which differed from that of the dam or sisters. This would 
be compatible with a linkage to A, but does not actually prove linkage, 
since this could occur often by chance. 
Sasaki'" (1971) reviewed the Japanese literature on dog blood 
typing. Hosoda and Kita were cited as using chickens to produce anti-
dog sera which was absorbed by the red-blood cells from marmots to 
produce a specific reagent. In 1940, Izki and Terashima produced 
antidog reagents in rabbits; two of these reagents formed a closed system 
i.e., all dogs react with one or the other or both. In 1969 
Ikemoto was cited as producing seven different reagents in rabbits 
also, which demonstrated only ten different dog blood types including 
a nonreactive group. 
^Translated by Bin Kikuchi from Japan. 
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Bowdler et al. (1971) studied a new dog antigen called Tr which 
they found was analogous in some ways to A of humans. Human anti-A 
will not specifically react with dog red-blood cells. However, the 
anti-Tr reagent will react specifically with human A red-blood cells. 
Furthermore, in this nonreciprocal cross reaction (see Wiener and 
Wexler, 1952), dogs immunized with human A erythrocytes and absorbed by 
Tr negative dogs can agglutinate the Tr positive dog red-blood cells. 
The next year Bull and Bowdler (1972) looked for the presence of 
the dog blood groups in six other species of Canidae. From one to 
fourteen individuals of each species were tested; at least one 
individual from each species contained A or C or both. They believed 
that these antigens are very old evolutionarily and predate the evo­
lutionary separation of these species. Many different combinations of 
these antigens with B and D were found throughout the species studied. 
Only two species had over four individuals tested, Australian dingo 
(Canis dingo) with 11 and coyote (Canis latrans) with 14. Reagent C is 
possibly a species-specific trait in coyotes because all individuals 
tested were reactive. 
Bowdler et al. (1973a) used the original Tr antiserum obtained by 
injecting a Tr- dog with Tr+ red-blood cells then absorbing the anti­
serum with dog Tr- followed by human 0 red-blood cells. This reagent 
was divided into two reagents by additional absorptions with human cells. 
T3A resulted from absorption with human B red-blood cells and contained 
antibodies for human A; and T3B resulted from absorption with human 
red-blood cells and contained antibodies for human B. Using these two 
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reagents and three other reagents from human, eel, and lectin sources 
\rfiich were specific for the human H antigen, they were unable to find any 
human B-like or human H-like antigen in dog red-blood cells tested. From 
this they concluded that the formation of the Tr antigen in dogs is through 
a pathway unlike that proposed for the human A antigen. No human B-like 
antigen was demonstrated in dog saliva, which supports the view that 
this antigen is not present in dogs. 
Smith et al. (1973) continued the study of the Tr antigen by 
analyzing the fucolipids on the mucosa of the dog small intestine. 
The dogs could be separated into two main classes. Type I dogs are Tr 
positive and have glucose, galactose, glucosamine, galactosamine, and 
fucose on the mucosa of their intestine. Type II dogs are Tr nega­
tive and also have glucose, galactose, glucosamine, and fucose but they 
lack galactose. Anti-H from the lectin Ulex europaeus (the H-antigen 
is the precursor for the attachment of the A and B antigens in man) does 
not differentiate between the two dog types. Almost all dogs had 
fucolipids which are biochemically type I or type II, but there was 
one dog with a mixture of three fucolipids separable by chromatography. 
No further relationship was found between the dog fucolipids and canine 
blood groups. 
In a further study of the analogy of Tr+ of dogs to human A by 
Bowdler et al. (1973b), there was a difference in response to lectins. 
Although Dolichos biflorus agglutinates human red-blood cells containing 
the A^ antigen, it agglutinates neither Tr+ nor Tr- dog red-blood 
cells. On the other hand, all the snail-derived lectins which are 
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specific for A of humans also agglutinate all dog erythrocytes, re­
gardless of Tr type. A human A-like antigen is present in 
the Tr+ dog saliva, however, because TR+ dog saliva can inhibit 
anti-A activity with human A cells. These researchers felt that there 
are receptors which mask this reactivity in dogs; nevertheless, there 
are other possibilities for such cross-reactions. 
The frequency of blood types in random population samples of 
dogs have been reported as listed in Figure 1. The frequency of the 
Tr antigen among 218 dogs is taken from Bowdler et al. (1971). Swisher 
et al. (1962) supplied the frequency of the other antigens from hundreds 
of dogs tested. 
Vriesendorp et al. (1973b) reported a new nomenclature for the 
canine erythrocyte antigens studied by Bowdler, Bull, Swisher and Young. 
Examples of the changes are as follows: old A becomes CEA 1, old A^ be­
comes CEA 2, old A^ becomes (CEA 1+; CEA 2-), and Tr becomes CEA 7. The 
previous nomenclature was felt to be confusing, especially for relation­
ships between human and dog blood types. 
Bull et al. (1977) again suggested a revised nomenclature for 
their dog reagents. The antigens would be termed DEA-1 etc. (dog 
erythrocyte antigen ?), thereby going further afield of the usual 
immunogenetic methods of naming blood group systems. They also re­
ported a linkage between their DEA-7 (old Tr) and the A determinant 
of the canine secretory system. 
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Antigen Frequency 
A^ 44.6% 
A. 19.0% 
i 
B 5.5% 
C 98.4% 
D 22.3% 
F 73.1% 
G 99+% 
Tr 54.0% 
Figure 1. Frequency of previous investigators' dog blood types 
Tissues and Techniques 
It was noted by Swisher et al. (1953) that some of the technical 
problems of dog blood typing include traces of detergents and other 
cleansing agents. These agents cause errors in quantitative agglutina­
tion tests due to the sensitivity of dog red-blood cells to even minute 
residuals. 
At the 1972 Symposium on Canine Immunogenetics in Rotterdam, The 
Netherlands, Henneveld et al. (1973) announced that his group was 
unable to find canine erythrocytes containing either human A or human 
B antigens. They also could not find dogs with erythrocytes that could 
absorb the anti-A or anti-B titers in normal human sera. However, in 
22 beagles, they found 20 whose saliva contained an A-like and 2 with 
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B-like substance. The sera from 100 dogs were tested for anti-A or 
anti-B activity. Thirty-eight had both, twenty-one had anti-A only, 
twenty-two had anti-B only, and nineteen had neither anti-A nor anti-B. 
It was hypothesized that three alleles controlled the inheritance of 
the anti-A and anti-B activity. Unfortunately, the analysis of the 
pedigrees of eighteen families did not fit, and the hypothesis was 
rejected. 
Zwiebaum and Feingold (1973) found three antigens in the digestive 
tract of dogs, one of which is similar to human A erythrocyte antigen. 
These three antigens appear to be allelic. Their segregation is 
independent of both the histocompatibility locus DL-A and blood 
groups A, C and D of dogs. 
Huang et al, (1974) published a paper indicating that "Ficoll" 
prevents cell lysis in a new technique for blood typing using "polybene." 
In the past, a major problem has been the pronounced tendency of dog 
red blood cells to lyse nonspecifically. 
As cited in Gold and Balding (1975), Thomas in 1927 described 
a "panagglutination" of human erythrocytes resulting from the 
uncovering of receptors by microbial action. Microbial neuraminidase 
was found later to remove N-acetylneuraminic acid from the red-cell 
surface revealing terminal P-D-galactose. The same source reported 
that Evans et al. in 1963 described a similar action on rabbit erythro­
cytes which was probably due to absorption of an enzyme through the 
cecum, but which was accompanied by hemolysis. Stormont et al. (1960) 
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found that bacterial action also could give false positives in their hemolytic 
tests in cattle; they had specific control reagents which would detect 
such a degradation. 
Lectins 
Sharon and Lis (1972) published a review which included descriptions 
of the original application of lectins in blood typing. They noted that 
Stillmark in 1888 was the first to observe that seed extracts agglutinated 
red-blood cells when he tested ricin (extracted from castor bean) with 
human and animal red-blood cells. Sharon and Lis further reported that 
Landsteiner and Raibitscher, in 1908, found that different species had 
different titers when their erythrocytes were tested against castor bean 
extract. According to Boyd (1962), he and Requero in 1945 found the 
first individual differences for a species when they tested human red-
blood cells with lima bean extract, Lima bean lectin reacts strongly 
with human type A and AB red cells, but weakly with B and does not react 
with 0. Miller (1965) described a lectin reactivity of ringneck dove 
erythrocytes (Streptopelia risoria) to peanut (Arachis hypogaea) lectin; 
this reactivity was inherited as a recessive rather than the expected 
dominant mode of inheritance. 
Since then, human erythrocytes have been widely used to survey 
reactivity with various lectins (Hossaini, 1968). Cattle cells have 
also been used in the search for lectin activity (Datta, 1968; Hines, 
1971). Dogs are occasionally included in surveys for lectin reactivity 
(Bird, 1954; Boyd, 1963; Ottensooser, 1955). Piette and Parvanch^re 
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(1960a, 1960b, 1961) tested the Liliaceae for lectin reactivity. 
One species (Orithogalum pyrenacium) produced a very specific lectin 
which reacted with dog and rabbit red-blood cells very strongly but 
had little or no reaction with the red-blood cells of the other seven 
species tested. 
In most cases the testing of lectins is conducted in saline solution. 
Usually the addition of albumin and/or the enzyme Bromelin will make 
the test more sensitive than saline alone (Hossaini, 1968). Sharon 
and Lis (1972) report that some lectins appear "incomplete" in that 
they require the addition of a specific enhancer such as a metal ion. 
Further, in Lotus tetreagonalolus the enhancer is the addition of its 
own crude extract. 
Although certain lectins parallel known antisera specificities, 
sometimes there are differences. Some lectins do not seem to parallel 
any known system completely (Hines, 1971). Others detect variants in 
asymmetrical pattern in the manner of subtypes which are not detected 
by antibodies (Schuh et al., 1972). Although by definition all 
lectins agglutinate, some can also be used to distinguish 
cells containing oncogenic virus, and others are known to be mitogenic 
(i.e., stimulate cell division) (Sharon and Lis, 1972). Dechary (1968) 
noted that still other lectins may be blastogenic (i.e., transform white 
cells). Human erythrocytes treated with lectins or isoimmune anti­
bodies have also shown increased resistance to lysis caused by a change 
in salinity (Medina et al., 1972). 
20 
The known physical characteristics of lectins were described in the 
review by Sharon and lis (1972). Since lectins are grouped by only a 
single characteristic, there is a great deal of diversity among them. 
They are generally glycoproteins with a molecular weight that is 
variable with a range from 20,000 to 400,000, but most have a molecular 
weight close to 100,000. Each is specific for a particular saccharide. 
A single source may contain more than one lectin, sometimes with the 
same specificity, sometimes with a different specificity. Each lectin 
molecule must contain at least two sites which bind its saccharide 
before agglutination can take place. Each site is about the size of 
a monosaccharide, which is much smaller than the binding site in an 
antibody. 
Sharon and Lis (1972) also reported in their review that the richest 
sources of lectins are found in the seeds of legumes; however, they 
are sometimes found in other plant parts such as roots, leaves, and 
bark. Many plants outside the legume family also serve as sources of 
lectins. The lectins originating in plants are also called plant ag­
glutinins or phytohemagglutinins (Boyd, 1962). The term lectin is also 
sometimes applied to substances found in lower vertebrates as well as 
invertebrates such as snails and fish; however, some workers prefer the 
term protectin for such agglutinins from nonplant sources (Prokop 
et al., 1974). 
The function of lectins in vivo is not yet known. There is a 
variety of opinion on the purpose of lectins; some feel that sugar 
transport is their normal function. Kauss (1976) reviewed some other 
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possible purposes including binding symbiotic bacteria to roots, 
protection of seeds and young embryo from infection, and pollen 
recognition and compatibility reactions. 
Scheinberg and Reckel (1962) reported a lectin response which 
changed over time. They found that seed extracts of Lathyrus cicera 
or Pi sum arvense only agglutinated the red cells of female chickens 
after they had begun egg production, and disappeared when egg production 
ceased. The females also had to be of the correct genotype to be 
reactive during egg production, males of the correct genotype could be 
made responsive through injection of diethylstibestrol. 
Miller (1964) has noted transient, aberrant titers probably as­
sociated with paratyphoid infection (Salmonella typhimurium var 
Copenhagen) in doves being tested with peanut lectin. He observed 
it previously in pigeons being tested with lima beans as well as 
pigeons being tested with a species-specific reagent. Surviving birds 
returned to normal reactivities. 
In a review by Boyd (1963), he mentioned that lectin production is 
genetically controlled, Schertz et al. in 1960 were reported as 
indicating that the anti-A reactivity in lima bean was caused by a 
dominant gene. But when the anti-A reactivity plant was used as the 
female plant, an excess of "high anti-A" progeny resulted in the 
which they interpreted as suggesting an extragenic influence on the 
ratios. Boyd also reported that Bandeiraea simplicifolia seeds vary in 
their production of an anti-B lectin depending on their variety and 
age (recently harvested seeds best). 
22 
Some lectins have been purified and analyzed biochemically. Among 
these is that from Bandeiraea simplicifolia which in this study is 
shown to be important in both dog and human blood typing. Hayes and 
Goldstein (1974) found that it has a molecular weight of 114,000 and 
is made up of four apparently identical subunits. The amino acids 
found in each subunit include a cysteine. When the cysteine's di­
sulfide bond was broken, there was a complete loss of agglutinative 
activity. When purified, this lectin required Ca-H- for hemagglutinative 
activity. Bandeiraea simplicifolia binds a-D-galactose preferentially. 
Because cy-D-galactose is the terminal saccharide in the human B antigen, 
but not in the A or H antigen, Bandeiraea simplicifolia agglutinates 
human B and AB erythrocytes strongly, weakly, and and 0 not at 
all. 
Recently Judd et al. (1977) isolated a second hemagglutinin from 
Bandeiraea simplicifolia. This lectin did not agglutinate normal human 
0, A^, Ag, B or AB erythrocytes. It did agglutinate eleven samples with 
'acquired B' and two samples which were polyagglutinable. Modification 
of normal red cells by vitro incubation with Bacteroides fragilis 
gives the same serological response. 
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MATERIALS AND METHODS 
Procedures 
Experimental dogs 
The majority of the experimental dogs in this study came from the 
two colonies connected with the College of Veterinary Medicine at Iowa 
State University. One colony is managed by Dr. Donald D. Draper and 
is used mainly in the study of spinal dysraphism. The dogs are mostly 
Weimaraners and Norwegian elkhounds with a few German shepherds and 
German shorthair pointers, and the various crosses thereof. The other 
colony is made up of purebred beagles and is managed by Dr. Michael J. 
Brown. The beagle colony is primarily used to study aging and the 
effects of diet. A number of pet dogs were also included in the study. 
Representatives from both colonies and some pet dogs were used in im­
munization studies, both within and between breeds and sexes. Even a 
pet alleged to be an dog/wolf was used as a donor. 
After the reagents were developed, their reaction frequencies 
were found using blood samples from 214 Iowa dogs including pet dogs 
from the Rembrandt, Iowa area, dogs being treated at the Iowa State 
University Small Animal Clinic, and dogs collected from various pounds 
around Iowa by the Laboratory Animal Resource section, Iowa State 
University Veterinary College. 
Reagent nomenclature 
Unlike the most common system of lettering all reagents, only the 
lectin source reagents were given letters, a pair. Reagents from sera 
or plasma sources were numbered. This was done so that the relationships 
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between the reagents here and those of other researchers could be 
compared before permanent labelling to avoid confusion in the field 
later. 
Anticoagulants 
The most common anticoagulant used was a sodium citrate solution. 
The sodium citrate solution was prepared with 20 grams sodium citrate, 
5 grams sodium chloride (and optionally 1 gram dihydrostreptomycin to 
retard bacterial growth) in 1 liter of distilled water. Generally, 1 
part sodium citrate solution was added to 5 parts of whole blood. Dog 
blood was often collected into an excess of anticoagulant to insure 
that no clotting occurred. Some samples were collected into com­
mercially prepared vacuum containers coated with heparin. 
Saline solutions 
The red-blood cells of most birds and mamals keep quite well 
in a 0.92% NaCl solution, although some require a more dilute solu­
tion, e.g., the magpie, Pica spp. (W. J. Miller, Genetics Department) and 
the hamster at 0.8% (Goon, 1964). However, dog erythrocytes require 
a more concentrated solution; they must be diluted and washed in 0.95% 
saline solution for isotonicity. They will keep in good condition for 
almost a week when refrigerated in this percent solution. The best 
method for long-term storage of red-blood cells is to refrigerate the 
cells in their own plasma with enough anticoagulant (sodium citrate) 
to prevent clotting. 
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Dog blood collection 
One must become adept in collecting blood from dogs because 
the clotting time is extremely fast. Although various experimenters 
using different techniques do not agree on the exact time required, 
they do agree that dog blood clots faster than the blood of any other 
animal they had tested, which includes those normally encountered 
(Schermer, 1967). Another complication is that although a normal 
amount of serum is expressed from a small (10 ml) sample of clotted 
dog blood, little more than 1/4 of the expected amount of serum is 
expressed from large (300 ml) samples of clotted blood. Therefore, 
when collecting a high-titer antiserum from a dog, this experimenter 
found it preferable to take it as plasma rather than serum. It was 
found desirable to use almost twice the usual amount of anticoagulant 
to insure that no clotting occurred. 
Dog normal antibodies 
Dogs with normal antibodies against other dogs were sought among 
417 dogs without history of blood transfusions. Saline agglutination 
tests were run in which individual samples of dog plasma were randomly 
tested against red-blood cells of other dogs until normal antibodies 
were found. Once known reactor erythrocytes were found, untested 
plasmas were tested against them as well as against untested erythrocytes 
in efforts to find additional dog plasmas with normal antibodies. 
Isoimmunizations (alloimmunizations) 
Recipient dogs for immunizations were injected intravenously 
with 1 ml of whole, unclotted blood twice a week. This is generally 
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less than the amount used by other researchers. Heparin or sodium 
citrate was used as an anticoagulant. Titrations of serum from these 
dogs were performed weekly against donor and other red cell types. 
The recipients were bled after a sufficiently high titer was reached, 
generally from two to six weeks. Usually the immune plasma or serum 
was used without absorptions. Test absorptions were performed on most 
of the isoimmune antisera, and in all cases, all dog specific reactivity 
was removed; that is, no fractionation of reactivity was encountered. 
The term "sera" is being used here in the general sense to include both 
sera and plasma reagent origins. 
Heteroimmunization tests 
Several species were used for heteroinmunizations. Four turkeys 
were injected intravenously with 1 ml of a 25% suspension of washed 
dog red-blood cells twice a week for six weeks. Two muscovy drakes 
were injected intravenously with 1/2 ml of a 50% suspension of washed 
dog red-blood cells twice a week for four weeks. Thirty-eight domestic 
rabbits from various sources and of unknown background were injected 
with 1 ml of a 25% suspension of dog erythrocytes intravenously for 
from four to six weeks. 
A week after the last injection, the recipients were bled in 
quantity. The blood from mammals was allowed to clot in order to 
express the antiserum which was centrifuged free of unclotted cells and 
stored frozen at a temperature of about - 25°C. Sodium citrate was 
used to prevent the clotting of the blood of birds. The cells and 
plasma were separated by centrifugation, and the plasma removed and 
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frozen. Aliquots of antisera were thawed and absorbed with red-blood 
cells from various dogs to find individuals whose erythrocytes would 
remove species-specific antibodies but leave antibodies for individual 
differences. 
Small samples of blood were collected in anticoagulant from many 
different species of birds and animals for testing against various 
lectins before and after absorption. These animals came from stocks 
held by the Iowa State University Poultry Science Center, Department of 
Genetics, and the College of Veterinary Medicine. 
The human blood samples were obtained mainly from the Des Moines 
Community Blood Bank in Des Moines, Iowa; Jane Swanson of the University of 
Minnesota Hospital in Minneapolis, Minnesota; the Mary Greeley Hospital in 
Ames, Iowa; the Boone County Hospital in Boone, Iowa; and the Spencer 
Memorial Hospital in Spencer, Iowa. The few large samples used were outdated for 
transfusions, but usable for absorptions and testing. Mostly small (1-2 ml) 
samples were obtained for testing the Bs reagent; often these were still in date. 
Agglutination tests 
All agglutination tests were direct saline agglutination tests in 
which two drops of the reagent at the desired quadrupling dilution were 
dropped into each well of a perspex plate. One drop of a 3% suspension 
of washed red-blood cells was added to the reagent. The reading of the 
agglutination reactions were taken at room temperature (about 25°C) 
after 5, 30 and 120 minutes. The reactions were given scores ranging 
from + to 4. A + is an uncertain reaction read grossly, + is a faint 
graininess, ++ is a definite but small graininess. A score of 1 is 
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small dots of agglutination, while a 2 is large dots. A score of 3 is 
recorded when there is a large center of agglutination surrounded by 
large dots, the high score of 4 has only a single center of agglutination. 
The highest titer of antiserum at which a reaction could be observed 
was the most important measurement. 
Although dog red-blood cells have good keeping qualities in 
appropriate saline, they are fragile. When testing dog red-blood 
cells against lectins and imaune sera, the reactions must be shaken 
as little as possible and only just before a reading. Excess shaking 
increases the amount of nonspecific lysis without speeding up the ag­
glutination reaction enough to compensate for it. Increasing the 
temperature of the mixture also speeds the lytic reaction proportionally 
more than the agglutination reaction. In spite of the keeping qualities, 
the red-blood cells when washed and diluted to a 3% suspension and re­
mixed with dog plasma or sera, even their own, will be completely lysed 
within two hours at room temperature. The cells will be partially 
lysed after two hours in 1/4 solution of dog normal sera. Tliis reaction 
is nonspecific and occurs even if the serum has been heated to 56°C for 
1/2 hour to inactivate complement activity. The lytic reaction is 
slowed in the wells in which agglutination has taken place. 
Absorptions 
Absorptions were made on heteroimmune sera and lectins in an at­
tempt to absorb out species-specific antibodies and leave individual 
specificities. Absorbing cells were washed in isotonic saline solution 
sufficient to remove any normal antibodies to a titer of 1/4,000, if such 
29 
were present, as they frequently are (Miller, 1966b). A volume of washed 
packed red-blood cells equal to the volume of antiserum or lectin to be 
absorbed was placed in each of a number of tubes. One-half the usual 
amount of red-blood cells was placed in the first tube in order to 
decrease lysis. The solution to be absorbed was mixed with the red-
blood cells in the tube and centrifuged as soon as agglutination was 
observed, often immediately. The supernatant was poured into the next 
tube, and the process was repeated until no reaction was observed 
after a half hour. Then an additional tube was used with incubation for 
an hour at room temperature, then overnight in the refrigerator to remove 
possible cold agglutinins before final centrifugation. The resultant 
product was tested with the absorbing and donor red*blood cells. If 
any reaction was observed with the absorbing cells, the solution was 
further absorbed as before. Generally, no additional absorptions were 
necessary. 
Lectin preparation 
All lectin seeds were donated for this experimentation. 
Lectins were prepared from intact seeds which were ground to a 
1 2 
meal in a Wiley mill or Mitey mill . The resulting meal was allowed to 
steep overnight in 0.92% or 0.95% saline solution to dissolve the soluble 
phytohemagglutinin. This solution was centrifuged to remove solid 
material. Although sometimes lipids were skimmed off the surface, 
generally no effort was made to remove other impurities because evi-
^Arthur H. Thomas Co., Philadelphia, PA. 
2 Stur-Dee Health Products, Island Park, NY. 
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dently they did not interfere with the reaction. Some lectins were 
absorbed with dog erythrocytes, and others with mammalian or bird 
erythrocytes in an effort to produce a reagent showing differences 
among red cells of individual dogs. 
The lectins were absorbed in the same manner as immune sera, ex­
cept that often more tubes of red-blood cells were needed to absorb 
the lectin completely compared to sera of the same titer. Bandeiraea 
simplicifolia absorbed oddly in that the first few tubes did not 
show signs of agglutination in the five minutes before they were 
centrifuged. Agglutination was observed in the middle tubes, but three 
or four more tubes were required to completely absorb out reactivity to 
the absorbing cells after no apparent reaction was observed in the test 
tube. 
Neuraminidase treatment 
Neuraminidase was used to treat dog red-blood cells to see if it 
altered reactivity to the dog reagents being used. Ten dogs were 
selected as erythrocyte sources to cover the breeds and different known 
red cell reactivities. The selected dog red-blood cells were washed in 
saline solution three times. A sample of 0.05 ml of neuraminidase with 
a pH of 6.0 and activity of 500 units per ml (purified from Vibrio 
cholerae^) was added to 0.5 ml of packed washed red'blood cells. A 
second aliquot was run concurrently with saline solution instead of 
neuraminidase as a control. This mixture was incubated for eighteen 
hours at room temperature. Afterwards the cells were washed free of 
^Calbiochem, LaJolla, California. 
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neuraminidase. These cells were then tested in a direct saline agglutina 
tion test for a change in their reactivity. 
Data Analysis 
Genetic analysis 
The genetic study of blood factors is somewhat simplified because 
the vast majority of antigenic factors are determined by genes dominant 
to alleles for the absence of reactivity. In the case of two antigenic 
alleles being present, both are expressed; i.e. they are codominant. 
Exceptions include both recessive and/or epistatic blood group factors. 
If determined by dominant genes, antigens expressed in the progeny must 
also be present in at least one parent. Exceptions to the general 
dominant mode of inheritance appear when the offspring expresses an 
antigenic factor which the parents do not possess. The 400 ISU colony 
dogs were used for the pedigree studies necessary to confirm that no 
exceptions were present. Once the mode of inheritance is confirmed, 
an antigenic factor can be used to help determine disputed paternity 
cases. A possible sire can be excluded by the presence of an antigenic 
factor in the pup, determined by a dominant gene, which is not shown by 
either his dam or the possible sire. 
Immunogenetlc analysis 
All possible pairs of reagents were compared to find their rela­
tionships. A pair of reagents can form any of the patterns shown 
below (after Hildemann, 1970; W. J. Miller, Department of Genetics). 
32 
Pattern a Pattern b 
Antigenic Anti Antigenic Anti-
types X Y types X Y 
1 + + 1 + 0 
2 + 0 2 0 + 
3 0 + 
4 0 0 
Pattern c Pattern d 
Antigenic Anti Antigenic Anti-
types X Y types X Y 
1 + 0 1 + 0 
2 0 + 2 0 + 
3 0 0 3 + + 
Pattern e 
Antigenic Anti-
types X Y 
1 + + 
2 0 + 
1 0 0 
It is assumed that the reagents are monospecific, that is,not frac-
tionable by absorptions, Only pattern a allows genetic independence 
of the factors involved; Mendclian family data or statistical analysis 
is necessary to indicate whether this is true. Pattern b is rare; 
it is best explained by a pair of alleles, one of which is a complete 
recessive. Pattern c is also rare; its best explanation is the same as 
b with the addition of a null allele or an epistatic gene which prevents 
the expression of the pattern b alleles. Pattern d is common and is 
controlled by codominant alleles. Both pattern b and d form closed 
systems in which all cells react with one or the other or both reagents. 
Pattern e is the frequent linear subtype relationship which indicates 
allelism of the genes determining the reaction to the reagents. Patterns 
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b through e already indicate allelism, if the sample size was adequate; 
therefore, only reagents forming pattern a need to be tested 
statistically. Using more than two reagents forms patterns which are 
merely combinations and extensions of these basic patterns. 
Statistical analysis 
The chi-square statistic was used to test whether factors were 
independent in a Fisher contingency 2X2 table. The value of chi-square 
is obtained by squaring the deviation between the observed and expected 
values. Each such square is divided by the expected number and the 
results are added. That is, = Z (o^ferved^-^expected) ^ 2X2 
contingency tables, the expected in any cell is found by multiplying 
the corresponding row and column totals, then dividing by the grand 
total. The calculated value is then used to find the probability of 
this or a greater value being found by chance in a chi-square table 
(Snedecor and Cochran, 1967). 
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RESULTS 
The experimentation produced a number of reagents that differentiate 
between individual red-blood cells. When numerous lectins, immune, 
and normal sera were tested prior to absorption or following 
absorptions with red cells a total of twenty-five reagents were 
produced which detected individual differences among dog red cells. 
The mode of inheritance of the gènes controlling the various factors 
determined by these reagents was studied. All but the most recently 
discovered antigenic factors, numbers 21-25, were so studied. As expected, 
those studied were found to be determined by genes which were dominant 
to genes controlling an absence of reactivity, since pups expressed these 
factors only if one or both parents also expressed them. Unfortunately, 
few matings have been made which would show dosage effects, that is, 
the homozygote would have a stronger reaction than the heterozygote. 
Only factor Bs was tested for this, but no dosage effect was observed. 
My available reagents were tested with over two hundred pet and 
pound dogs to ascertain a phenotypic factor frequency in the Iowa dog 
population. The frequency and source of various reagents is tabulated 
in Table 1. How these factors have been proposed to relate to one 
another has been shown in Table 2. The method of obtaining these 
results will be further clarified in the following sections on individual 
results. 
A^, the most important blood type found by Swisher et al. (1962), 
was not detected in my experimentation. Three dogs known to be A^, 
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Table 1. Phenotypic frequency of antigenic and lectin factors in Iowa 
dogs 
Reaction ^ 
Reagent Source frequency Titer 
1 Isoimmunization 2/214 0.9% 4 
2 I t  10/214 4.7% 5 
3 t t  8/214 3.7% 4 
4 Normal antibodies 0/110 0.0%^ 3 
5 Isoimmunization 0/214 0.0%^ 5 
6 I t  
^ c 
n.t. 3 
7 1 (  1/110 0.9% 3 
10 Rabbit anti-dog 
_ c 
n.t. 2 
absorbed by dog red cells 
12 11 ^ c n.t. 2 
13 Isoimmunization 23/214 10.7% 3 
14 I I  4/214 1.9% 3 
15 1 1  1/214 0.5% 2 
16 Normal antibodies 57/214 26.6% 3 
17 1 1  4/214 1.9% 2 
18 n 31/214 14.5% 3 
19 t t  6/214 2.8% 3 
20 I f  24/104 23.1% 3 
21 Isoimmunization 0/104 0.0%^ 4 
^Quadrupling titers 
0 1 2 3 4 5 6 
0 U 1/4 1/16 1/64 1/256 1/1024 
^Factor present in ISU beagle and dysraphic-colony dogs. 
^No reagent remained to test these dogs for this factor. 
Table 1. Continued 
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Reagent Source 
Reaction 
frequency Titer 
22 
23 
24 
25 
26 
Bs 
Ws 
Rabbit anti-dog 
absorbed by dog red cells 
I t  
Turkey anti-dog 
absorbed by dog red cells 
Bandeiraea simplicifolia 
absorbed by beagle red calls 
Wisteria sinensis 
absorbed by turkey red cells 
20/167 
41/110 
100/110 
2/153 
140/214 
0/214 
n,t. 
12.0% 
37.3% 
90.9% 
1.3% 
65.4% 
0.0%* 
4 
4 
4 
4 
2 
3 
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Table 2. Nine postulated dog blood groups with listed specificities^ 
I II III IV V VI VII VIII IX 
2 7 10 
3 13 24 
4 14 25 
5 15 
16 
17 
18 
19 
20 
^How these systems were developed is explained in the results. 
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and AQ because they had been typed by Swisher's group were blood 
typed with my reagents. No difference between these dogs was shown. 
Therefore, my reagents do not include anti-A. 
Isoantisera 
Twelve out of the twenty-four isoimmunized dogs of various colony 
breeds produced agglutinating antibodies with titers of from 1/4 to 
1/256 against other dog erythrocytes. The other twelve recipients did 
not develop discernible antibodies within the injection period. 
Trial absorptions attempting to fractionate the reactive antisera have 
so far failed to show multiple specificities. They were therefore 
used without absorption. The antisera, along with the normal antibody 
reagents detected, were included in several systems which are outlined in 
Table 2. Reagents from a lectin source were lettered and the 
sera were numbered, and this number or letter with the source and 
reaction frequency of the various reagents are shown in Table L 
Reagent 1 possibly has the same specificity as 6 because both 
reacted together on the few dogs on which both were tested. However, 
there was insufficient reagent 6 to test the population sample dogs. 
There are several possible reasons, such as subgroups, for this 
reaction pattern besides identity. Since they were made in response to 
different donor dogs, the two reagents may not be identical. Comparisons 
between antigenic factor I and the other antigenic factors in the 
population sample dogs showed no serological parallel or subtype rela­
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tionship when analyzed with a 2X2 contingency table or reaction pattern 
comparisons. 
Reagents 2 and 3 form a classical linear (a single straight line 
can be drawn separating the O's from the +'s) subtype pattern that 
like other asymmetrical patterns denotes allelism of the antigenic 
factors (Miller, 1958; Hildemann, 1970). As 3 only occurs with 2 
(indicative of allelic subtypes) a separate contingency table is 
unnecessarily redundant. The linear relationship between these 
reagents is shown in Table 3a, 
Table 3a. Association of reagents 2 and 3 
Number of 
reactors among Reagent 
random dogs 3 2 
8 + + 
2 0 + 
204 0 0 
Assuming sufficient sampling, factors 13, 14, and 15 form a non­
linear series of subtype reactions with 13 being the most broadly 
reactive. Both 14 and 15 are linear subtypes of 13, but are symmetrical 
with respect to each other as are A and B or humans. All three 
specificities may occur at one time. This presumed series of alleles 
controls red cell antigens exhibiting the pattern shown in Table 3b. 
Normal antibody reagents from dogs 4 and 16 through 20 form a pattern 
characteristic of a complex group of mixed linear and nonlinear subtypes. 
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Table 3b. Association of reagents 13 through 15 
Number of 
reactors among Reagents 
random dogs 14 13 15 
2 + + + 
2 + + 0 
1 0 + + 
18 0 + 0 
189 0 0 0 
The pattern is similar to the preceding patterns, but with a larger number 
of combinations due to the greater number of reagents involved, and 
is indicative of allelism among the determinants involved (W. J. 
Miller, Genetics Department). These six dogs with normal antibodies 
were found among 417 dogs tested for such antibodies in a high enough 
titer to be used as reagents. None of the dogs with normal anti­
bodies were immunized to try to increase the titer. Reagent 4 reacted 
only with erythrocytes from colony dogs, and since none of the red-blood 
cells from the population sample dogs reacted with it, only the 
combinations between factors 16 through 20 are shown in Table 3c. 
Reagent 5 reacts with the red-blood cells of very few dogs. Only 
three of the ISU colony dogs had a positive reaction, and none of the dogs 
tested in the general population possessed reactive erythrocytes. Red 
cells from all three dogs also reacted with reagents 2 and 3, and two 
reacted with reagent 4. Only two of the dogs were tested with reagents 
16 and 18; both reacted with 16, and one reacted with 18. Evidently, 
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Table 3c. Association of reagents 16 through 20 
Number of 
reactors among 
random dogs 
Reagents 
20 19 16 18 17 
9 - 0 + 0 0 
13 - 0 + + 0 
2 - 0 + + + 
9 + 0 + 0 0 
10 + 0 + + 0 
2 + 0 + + + 
5 0 0 + 0 0 
1 0 0 + + 0 
2 0 + + 0 0 
1 + + + 0 0 
2 + + + + 0 
1 0 + + + 0 
157 0 0 0 0 0 
factor 5 is the uniting factor between the antisera blood group 
factors 2 and 3, and the normal antibody group including factors 4 and 
16-20. Additional evidence for this association is provided in the 
lack of statistical independence shown later in this section. 
Reagent 7 reacted with only one dog in the tested Iowa population, 
which makes 7 another very rare blood type. However, it was much more 
common within the colonies. Reagent 7 reactions occurred in association with 
13 more often (21 out of 34 occurrences) than alone (13 out of 34 oc­
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currences). It has been tested with more than five hundred dogs. 
However, since it occurs most commonly within the related colony dogs, 
founder effect, chance transmission associations, and possible linkages 
are also possible explanations for this association. 
The relatively new reagents numbered 21, 22, and 23 have not been 
as well studied as some of the earlier reagents. They are evidently 
in three separate systems, independent of each other and of the other 
reagents Bs, 13, and 16. None of the tested noncolony dogs reacted 
with reagent 21. The factor detected by reagent 23 differed in fre­
quency bet\'?een two of the subpopulations tested, that of the Rembrandt 
pet dogs (3/48) and the central Iowa pound dogs (37/67). A test that 
the frequency was the same in both groups resulted in rejecting that 
hypothesis (P < .005). Therefore, it is assumed that this factor is 
not equally distributed among these two populations and this may 
indicate separate breeding populations of nonpurebred dogs. 
The chi-square statistic was used to test for the independence 
of the presumed different system factors 2, 13, and 16. The subtype 
used in each series was selected on the basis of the most convenient 
frequency and their numbers recorded in Table 3d. 
These observations also provided the data for the various 2X2 tables 
which compare the factors to each other in pairs as shown in Figure 2. 
In the absence of evidence indicating linkage, epistasis or other 
interaction between separate loci, lack of independence of two factors 
was assumed to indicate simple allelism. 
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Table 3d. Association of major dog blood types 
Reagents 
Number of dogs 2 13 16 
148 0 0 0 
2 + 0 0 
19 0 + 0 
37 0 0 + 
1 + 4- 0 
1 0 + + 
6 + 0 + 
0 + _+ _+ 
214 9 21 44 
The chi-square statistic indicated that factors 2 and 13 were 
independent. A test of whether factors 13 and 16 are independent 
gave a chi-square val ,ue of 3.32 (0.05 < ? < 0.10) which is suggestive, 
but not convincing, evidence of association. More data are required for 
a definitive conclusion here. When factor 2 was compared with factor 
16, the computed chi-square was 12.24, (P < .0005) clearly indicating 
a lack of independence. Therefore, factors 2 and 16 are probably 
alleles in the same blood group system, although interactions and other 
relationships are also possible. 
Combining the previous data gives the putative blood group systems 
as shown in Table 2. Reagent 3 is a linear subtype of 2, and 4 and 16-20 
are linear and nonlinear subtypes of each other. As previously noted, 
Factor 13 
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Factor 
2 
1 20 
8 185 
21 
193 
205 214 
Factor 16 
Factor 
2 
6 38 
3 167 
44 
170 
205 214 
+ 
Factor 16 
+ 
Factor 
13 
1 43 
20 150 
44 
170 
21 193 214 
Figure 2. 2x2 contingency tables of combinations between major dog 
blood types among random dogs 
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reagent 5 appears to have some association with reagents 2, 3, 4, 16, 17, and 18; 
also the statistical tests just presented indicate an association 
between 2 and 16. Therefore, the reagents 2, 3, 4, 5, 16, 17, 18, 19, 
and 20 have been placed in a single putative blood group system. The 
nonlinear subtypes 13, 14, 15 and the probably associated 7 may also 
be in this system, but the evidence is inconclusive. 
He te roimmuniz at ions 
Rabbits, muscovy ducks, and turkeys received intravenous injections 
of washed red-blood cells from dogs in the heteroimmunizations. Most 
of the recipients produced species-specific antisera with a high titer; 
the antisera showed reactivity at seven to ten quadrupling dilutions. 
Only a few reagents showed individual differences among dogs after the 
antisera were absorbed with washed red cells to remove the species-
specific antibodies. The exact method has been described in the 
procedure section of this dissertation.- Two muscovy drakes were used 
in the first heteroimmunization in this study. The antisera reacted with 
dog red-blood cells at titers ranging from 1/16 to 1/256 for one duck 
and 1/16 to 1/64 for that of the other. Absorption with dog red-blood 
cells left no reactivity to any tested dog red cells including the 
donor. 
Thirty-seven rabbits were injected with dog red*blood cells or 
dog/wolf blood cells. All produced very high-titer species reactive sera. 
All have been further absorbed with dog erythrocytes, but most absorptions 
removed all reactivity for dog red cells, even for the donor cells. How­
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ever, in four absorptions, individual differences were retained. Two 
of these reagents, numbers 10 and 12, are currently depleted; they 
could not be tested for frequency in a population of Iowa dogs. In 
the colony tests, factor 10 appeared independent of the other factors, 
and factor 12 was associated with 26, which was detected by a reagent 
from a turkey. Attempts to duplicate reagent number 10 resulted in 
reagent numbers 24 and 25. The factors 24 and 25 exhibit a reaction 
pattern similar to that of linear subtypes. But factor 24 has a high 
frequency (90.9%), and both reagents produced were in response to the 
same red blood cells so there is also the possibility that a separate, 
additional specificity is present in 24 in contrast to 25. Absorption 
attempts have failed to separate the postulated additional specificity. 
Since reagents 10, 24, and 25 were produced in response to the same dog 
erythrocytic source, their association is not unexpected. Tests failed 
to show any association with other blood types. 
Four turkeys were injected with dog blood cells, and all produced 
species-specific antisera which titered 1/64-1/1024. When the anti-
sera were absorbed with washed red-blood cells from dogs, only one 
produced a reagent that showed individual differences in dogs. This 
reagent detected factor 26, which seems to be associated with factor 
12 in the colony dogs. The association could not be tested in the 
general population because there was insufficient reagent 12. Just one 
of 17 dogs tested with both reagents in the colony had only one of the 
two factors. Thirteen had neither and three both. The association 
could be caused by pleiotropism, phenogroups, interaction, or linkage 
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in the dogs founding the colony. 
Testing the dog erythrocytes with human blood-typing sera has 
given variable results for past researchers. In this study, human 
anti-A reacted weakly with all dogs, human anti-B reacted strongly 
with all dogs, and neither of these antisera showed any individual 
differences between dogs. Testing normal dog sera against human red-
blood cells showed that many dogs have normal antibodies which dif­
ferentiate between human blood cells. Most of the reactive sera ag­
glutinated type A cells; the few remaining agglutinated type B cells. 
None agglutinated type 0. Only four human blood samples were tested, 
so other system specificities may have been differentiated. 
Because dogs responded well in isoimmunizations with red-blood cells, 
six were immunized against the red-blood cells of ringneck doves 
(Streptopelia risoria) to see how dogs responded to heteroimmunizations. 
The effort was discontinued because the recipient dogs went into ana­
phylactic shock about the fifth injection of a twice-weekly injection 
series. The condition was characterized by vomiting, bloody stools, 
and unconsciousness occurring within minutes after the injection. 
Epinephrine and antihistamine injections reversed the condition, but 
two dogs died of anaphylaxis. 
Lectins 
The 153 lectins were screened for reactivity; of these, 140 are listed 
in Table 4, and thirteen are listed in Table 5. Trial absorptions were 
Table 4. Lectins with zero to weak agglutination with dog erythrocytes 
Scientific name Common name Family name 
Abutilon theophrasti'^ 
Acer campestre leiocarpum 
Acer griseumb 
Acer negundo violaceum^ 
Acer nikoense (maximowiczianum)^ 
Acer pseudoplatanus^ 
Acer saccharinum 
Acer saccharum^ 
Acer tataricum^ 
Adenanthera pavonina 
Aesculus glabra 
Aesculus hippocastanum 
Albizia julibrissin rosea^ 
Amaranthus retroflexus 
Arbutus menziesii'^ 
Arecastrum romonzoffianum 
Asclepias syriaca 
Astragalus galengiformes 
Avena sativa 
Beta vulgaris cicla 
Betula lenta^ 
Brassica napus 
Brassica oleracea botrytis 
Campsis radicans 
Carica papaya 
Catalpa hybrida^ 
Celtis ssp.^ 
Cercidiphyllum japonicum^ 
Chamaecyparis lawsoniana^ 
Cirsium altissinum 
Citrullus vulgaris^ 
Citrus reticulata^ 
Velvetleaf 
Hedge or field maple 
Paperbark maple 
Box elder 
Nikko maple 
Sycamore maple 
Silver maple 
Sugar maple 
Tatarium maple 
Sandlewood tree 
Ohio buckeye 
Horse chestnut 
Silk tree 
Pigweed 
Madrone 
Queen palm 
ÔiiIkweek genus) 
^ilkvetch genus) 
Tonka oats 
Red stem chard 
Black birch 
Rape 
Broccoli 
Trumpet vine 
Papaya 
Hybrid catalpa 
Oklahoma hackberry 
Katsura tree 
Weeping Lawson's cypress 
Unknown 
Watermelon 
Tangerine 
Malvaceae 
Aceraceae 
Leguminosae 
Hippocastanaceae 
II 
Leguminosae 
Amaranthaceae 
Ericaceae 
Palmae 
Asclepiadaea 
Leguminosae 
Gramineae 
Chenopodiaceae 
Betulaceae 
Cruciferae 
II 
Bignoniaceae 
Caricaceae 
Bignoniaceae 
Ulmaceae 
Cercidiphyllacae 
Cupressacea 
Compositae 
Cucurbitaceae 
Rutaceae 
Citrus sinnensis 
Cladrastis platycarpa'' 
Cladrastis lutea^ 
Cocos nucifera 
Coffea racemosa 
Coronilla varia 
Cotoneaster acutifolius^ 
Cotoneaster apiculatus^ 
Cotoneaster dielsianus^ 
Cotoneaster divarleatus^ 
Cotoneaster obscurus^ 
Cotoneaster roseus^ 
Cotoneaster tomemtosus^ 
Cotoneaster zabelii^ 
Cucumis melo reticulatus 
Curcubita pepo 
Cystisus scoparius^ 
Datura stramonium 
Diospyros virginiana 
Dollchos biflorus 
Eriobotrya japonica^ 
Euphorbia marginata^ 
Ficus carica 
Fraxinus chinensis rhyncophylla^ 
Franicus pubinervis^ 
Ginkgo biloba^ 
Gleditsia japonica^ 
Glycine gracilis 
Glycine max (soja) 
Orange 
(Yellowwood genus) 
Yellowwood tree 
Coconut palm 
(Coffee genus) 
Crown vetch 
None 
Cranberry cotoneaster 
None 
None 
None 
None 
None 
None 
Cantelope 
Pumpkin 
Scotch broom 
Jimson weed 
Persimmon 
Horse gram 
Loquat 
Snow-on-the-mountain 
Fig tree 
(Ash genus) 
None 
Ginkgo tree 
None 
None 
Soybean 
Leguminosae 
I t  
Palmae 
Rubiaceae 
Leguminosae 
Rosaceae 
Cucurbitaceae 
t l  
Leguminosae 
Solanaceae 
Ebenaceae 
Leguminosae 
Rosaceae 
Euphorbiaceae 
Moraceae 
Oleaceae 
Ginkgoaceae 
Leguminosae 
f-kO 
Collected by Wllmer J. Miller, Genetics Department, 
'collected by Mary Sanders of Arnolds Arboretum. 
'Sturgis McKeever. 
Collected by C. R. Weber, Agronomy Department. 
Table 4. Continued 
Scientific name 
Glycine ussensis^ 
Gymnocladus canadensis^ 
Halesia monticola 
Hellanthus annus 
Hibiscus esculentus^ 
Hibiscus syriacus^ 
Hordeum vulgare 
Hydrangea paniculata grandiflora 
Ipomoea arvensis 
Juglans cinerea 
Juniperas spp.^ 
Kalopanax pictus 
Koelreuteria paniculata 
Libocedrus decurrens 
Linum usitatissimum 
Liriodendron tulipfera^» 
Litchi chinensis^ 
Lotus corniculatus 
Lupinus succulentus 
Lycopersicon esculenthum 
Malus toringoides 
Martynia proboscidean^ 
Medicago falcata 
Medicago sativa 
Mirabilis jalapa^ 
Momordica charantia^ 
Nandina domestica 
Onobrychis viciaefolia 
Oxydendrum arboreum^* 
Panic urn miliaceutn^ 
Per sea atnericana^ 
Common name Family name 
"Wild" soybean Leguminosae 
Kentucky coffee tree I I  
(Silver-bell genus) Styracaceae 
Sunflower Cooipositae 
Okra Malvaceae 
Rose of Sharon f t  
Barley Graraineae 
Hydrangea peegee Saxifragaceae 
Wild morning glory Convolvulaceae 
Butternut Juglandaceae 
Juniper Cupressaceae 
None Araliaceae 
(Golden rain tree genus) Sapindaceae 
(Incense cedar genus) Cupressaceae 
Flax Linaceae 
Tulip tree Magnoliaceae 
Leechee nut Sapindaceae 
Bird's-foot trefoil Leguminosae 
Arroyo lupine t t  
Tomato Solanaceae 
None Rosaceae 
Unicorn plant Martyniaceae 
Yellow-flowered alfalfa Leguminosae 
Alfalfa cal. coram. I f  
Four o'clock Nyctaginaceae 
Japanese bittermeIon Cucurbitaceae 
Heavenly bamboo Berberidaceae 
Sainfoin Leguminosae 
Sourwood, sorrel tree Ericaceae 
Millet Graminae 
Avocado Lauraceae 
Phaseolus aureus^ 
Phaseolus lunatus^ 
Pinus ponderosa 
Platanus occidentalism 
Polygonatum spp. 
Prosopis juliflora^ 
Prunus armeniaca® 
Prunus persica® 
Prunus spp.& 
Psoralea bitumlnosa 
Psoralea cinera 
Pterostyrax corymbosus;^ 
Pterostyrax conniige 
Rhododendron calendulaiceum^ 
Rhododendron schlippenibachii 
Rhus cotinus® 
Rhus glabra 
Robinia pseudoacacia 
Robinia viscosa^ 
Rosa alba 
Rosa eglanteria 
Rosa moschata 
Rumex altissimis 
Sapindus saponaria^ 
Schizophragma hydrageoidis^ 
Scorpurius sulcata 
Simmondsia chinensis 
Sophora japonica 
Sorbus alnifolia 
Sorghum bicolor® 
Sorghum sudanense 
Symphoricapos orbiculatus 
Thlaspi arvense 
Tilia americana^ 
^ISU Seed Laboratory, Leroy Everson. 
Mung bean 
Lima bean 
Western yellow pine 
Sycamore 
Solomon's seal 
Mesquite 
Apricot 
Peach 
Cherry 
Arabian scurfpea 
Unknown 
None 
Unknown 
Yellow azalea 
Royal azalea 
Smoke tree 
Smooth or scarlet sumac 
Black locust 
Clarmny locust 
None 
Eglantine or sweetbriar 
Mush rose 
(Sorrel, dock genus) 
Soapberry 
Japanese hydrangea vine 
Unknown 
Jojoba 
Japanese pagoda tree 
None 
Milo 
Sudan grass 
Coral berry 
Penny cress 
Basswood 
Leguminosae 
II 
Pinaceae 
Platanaceae 
Liliaceae 
Leguminosae 
Rosaceae 
I I  
ff 
Leguminosae 
It 
Styracaceae 
Ericaceae 
If 
Anacardiaceae 
II 
Leguminosae 
II 
Rosaceae 
II 
Polygonaceae 
Sapindacea 
Saxi fragaceae 
Leguminosae 
Buxaceae 
Leguminosae 
Rosaceae 
Gramineae 
I f  
Caprifoliaceae 
Cruciferae 
Tiliaceae 
Table 4. Continued 
Scientific name Common name Family name 
Tribulus terrestris 
Trifolium pratense 
Triticum aestivum® 
Ulex europaeus 
Ulmus spp.B 
Ulmus thomasii® 
Vicia fabaa 
Viola spp.B 
Vitis spp.a 
Xanthium strumarin® 
Yucca glauca^ 
Zea mays^ 
Puncture vine 
Red clover 
Wheat 
Corse 
Elm 
Rock elm 
Broad bean 
Domestic violet 
Grape 
Cockleburr 
Soapweed 
Field corn 
Zygophyllaceae 
Leguminosae 
Gramineae 
Leguminosae 
Ulmaceae 
f t  
Leguminosae 
Violaceae 
Vitaceae 
Gompositae 
Agavaceae 
Gramineae 
Chamaedorea erumpens OR 
Rhapis excelsa 
Bamboo palm Palmae 
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Table 5. Lectins with strong reactivity with dog erythrocytes 
Scientific name Common name Family name 
Bandeiraea simplicifolia^ None Leguminosae 
Bauhinia purpurea Butterfly, orchid tree U  
Canavalia ensiformis Jack bean I I  
Datura metaloides^ Sacred moonflower Solanaceae 
Maakia amurensisC None Leguminosae 
Oryza sativa Rice Gramineae 
Phaseolus coccineus^ Scarlet runner bean Leguminosae 
Phaseolus vulgaris^ Black valentine bean I I  
Phaseolus vulgaris^ Wax kidney bean I I  
Pisum sativum^ Alaska pea I I  
Ricinus communis^ Castor bean I I  
Vicia atropurpurea Purple vetch t t  
Wisteria sinensis Chinese wisteria M  
^Collected by Willis Skrdla, Plant Introduction Station; and Kenneth K 
Kopf, AID, Logos, Nigeria. 
^Collected by Wilmer J. Miller, Genetics Department. 
^Collected by Mary Sanders of Arnolds Arboretum. 
^ISU Seed Laboratory, Leroy Everson. 
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Table 6. Lectin absorptions 
Lectin source 
Original 
dog titer& 
Trial 
absorptions with 
erythrocytes from 
Residual 
titer® 
Arachis hypogaea (peanut) 4-5 
Bandeiraea simplicifolia 5-7 
from Ghana 
Canavalia ensiformis 8-9 
(Jack bean) 
Datura metaloides 6-9 
(moonflower) 
Datura stramonium 4-5 
(j imps on weed) 
Dolichos biflorus 1-2 
Glycine max (soybean) 1-2 
Maackia amurensis 6-7 
Oryza sativa (rice) 2-5 
Phaseolus coccineus 8-9 
(scarlet runner bean) 
Phaseolus vulgaris 6-7 
(black valentine bean) 
Phaseolus vulgaris 5 
(wax kidney bean) 
Pisum sativum 
(Alaska pea) 
6 dogs 5 3-4 tubes 0 
2 turkeys, 4 tubes 0,3 
2 dogs, 6 tubes 0,4 
4 dogs, 6-8 tubes 0 
turkey, + 3 dogs, 4 tubes 0 
13 dogs, 5-8 tubes 0 
10 dogs, 6-10 tubes 0 
3 dogs, 3 tubes 0 
2 dogs, 2 tubes 0 
5 dogs, 2 tubes 0 
7 dogs, 8-11 tubes 0 
3 turkeys, 7 tubes 0 
2 turkeys. 4 tubes 3-
8 dogs, 7-10 tubes 0 
3 dogs, 6-7 tubes 0 
4 dogs, 6-7 tubes 2 
6 dogs. 6-10 tubes 0 
4 humans, 7 tubes 0 
4 dogs, 6-7 tubes 0 
Titer 012345 6 7 8 9 
dilution 0 U 1/4 1/16 1/64 1/256 1/1024 1/4096 1/16384 1/65536. 
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Table 6. Continued 
Trial 
Original absorptions with Residual 
Lectin source dog tlter^ erythrocytes from titer^ 
Ricinus communis 6 
(castor bean) 
Vicia atropurpurea 5-7 
(purple vetch) 
Wisteria sinensis 1-2,9 
(Chinese wisteria) 
4 dogs, 6-7 tubes 0 
3 humans, 6 tubes 0^ 
1 cow, 7 tubes 0^ 
4 dogs, 4-5 tubes 0 
2 turkeys, 4-5 tubes 3 
Reactor dog, 3 tubes 0 
Nonreactor dog, 3 tubes 0 
Other researchers have found individual differences for dogs 
(W. J. Miller, Genetics Department). 
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Table 7. Lectin specificity and agglutination titers for dog erythro­
cytes 
Lectin source 
Pisum-sativum (pea) 
Canavalia ensiformis 
(Jack bean) 
Triticum aestivum (wheat) 
Ulex europaeus I (anti-H) 
(gorse) II 
Dolichos biflorus (anti-A^) 
Glycine max (soybean) 
Phaseolus lunatus (anti-A) 
(lima bean) 
Sophora japonica (anti-A+B) 
(Japanese pogoda tree) 
Arachis hypogaea (peanut) 
Bandeiraea simplicifolia (anti-B) 
Eicinus communis (ricin) 
(castor bean) 
Chemospecificity^'^ Red cell titer 
D-Mannose 8 
a-D-Man, ff-D-Glc 8-9 
(D-GlcNAc)g 4 
a-L-Fuc 0,2 
(D-G1cNAC)2 
a-D-GalNAc 1-2 
D-GalNAc 1-2 
a-D-GalNAc 0 
ff&p-D-Gal, D-GalNAc 
P-D-Gal 
a-D-Gal 
S-D-Gal 
0 
4-5 
5-7 
%lan = Mannose; Glc = Glucose; Fuc = Fucose; Gal = Galactose; NAc 
N-Acetyl. 
^After Gold and Balding (1975). 
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Table 8. Titer of selected lectins with multiple specificities 
Titer following 
Test red blood cells Unabsorbed titer^ absorption^ 
Vicia atropurpurea Dogs 5X 
Dogs 5 0 
S. semitorquata/S. risoria 4 0 
Columbia livia 8 6 
Streptopelia senegalensis 5 4 
Phaseolus vulgaris Dogs 7X 
Dogs 6 , 0 
RN pheasant 5+, 0 
Rabbit 5+° 0 
Mouse 5 4 
Horse 8 6 
Muscovy duck 8 6 
^Titer 0 12,34 5 6 7 8 9 
dilution 0 U 1/4 1/16 1/64 1/256 1/1024 1/4096 1/1638 1/6553. 
^Titer higher than 5. 
Table 9. Absorbed lectins 
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made with all of the strongly reactive lectins and with some of the 
weakly reactive lectins that showed a possibility of individual dif­
ferences in various trials. The absorbing cells and the results of the 
absorptions are shown in Table 6. The only lectin that showed definite 
individual differences in dogs was Bandeiraea simplicifolia absorbed 
with turkey red cells or by certain dog erythrocytes. Wisteria sinensis 
absorbed with turkey cells reacted only with dogs whose cell reactivity 
changed with time! The section on neuraminidase treatment provides a 
possible explanation of this phenomenon. 
Although they showed no individual differences among dogs, many 
of these absorbed lectins gave a different pattern of reactivity as 
shown in Table 9 when tested against a series of red cells from many 
different species. A selected pair of lectin reagents illustrating the 
change in reactivity is shown in Table 7. 
The agglutination titer of the various lectins with previously 
known specificities is shown in Table 8. The reactivity of dog 
erythrocytes with certain lectin specificities is not clear cut; dog 
erythrocytes react with some, but not all, of those lectins reported 
to have the same specificity (Gold and Balding, 1975). 
When completely absorbed by dogs' washed red~blood cells, nine 
strong lectins were fractionated. That is, they retained the ability to 
react with a subset of the species with which they originally reacted. 
The activity of some absorbed lectins indicated a multiplicity of 
specificities. Table 9 shows both the absorbed and original titers^ 
^Original titers were generally obtained from the records of 
Dr. W. J. Miller of the Genetics Department. 
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of the lectins tested with several species. Table 8 shows a clear 
fractionation of two of the nine lectins. Vicia atropurpurea and 
Phaseolus vulgaris. Vicia atropurpurea, Phaseolus vulgaris, and 
Bandeiraea simplicifolia reacted to provide the most notable individual 
differences. Bandeiraea simplicifolia from Ghana absorbed 9 times by 
dog red-blood cells was the most specific. While unabsorbed Bandeiraea 
simplicifolia possessed marked agglutinative activity for red cells 
from 17 species and species crosses, the absorbed lectin reacted only 
with the red cells of the domestic rabbit, to a titer of 1/16. After 
absorption with dog erythrocytes, the scarlet runner bean, black 
valentine bean, red kidney bean, soybean, and Glycine ussensis lectins 
still reacted very strongly with cells from some of the birds and mammals 
tested. Some striking differences are shown in Table 8. Table 8 shows 
high titers before absorptions with the various test species. After 
the absorption, some reactions had only a slightly reduced titer; 
this probably was a result of dilution of the reagent during absorption. 
Other reagents lost some to all reactivity. 
Only among dogs, ring neck doves (Streptopelia risoria), and 
chickens were enough individuals tested to show intra-species variation, 
but individual differences were not observed within the species. The 
castor bean absorbed by dog red cells showed weak individual differences 
among the chickens tested. Peanut lectin, which differentiated between 
doves before absorption by dog erythrocytes, continued to do so after 
absorption, indicating that these specificities were not the ones ab­
sorbed out by the dog erythrocytes. 
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B. simpliclfolla from Ghana shows a prozone effect (undiluted it reacts 
late and very weakly) and a maximum titer from 1/64 to 1/1024 with 
dog erythrocytes. The source of this lectin is important because 
seeds which were collected from Nigeria were nonreactive when tested, 
one shipment of seeds from Ghana was strongly reactive while another 
was not. B. simplicifolia has been characterized biochemically by 
Hayes and Goldstein (1974). It is specific for the sugar a-D-galactose. 
It is strongly reactive with the B and AB cells and very weakly reactive 
with Ai of humans. B. simplicifolia's reaction with various species 
is shown in Table 9. Its reaction with dog and human red cells is 
shown in Table 10. 
Table 10. Reaction of dog and human red blood cells with Bandeiraea 
simplicifolia 
Red cells 
Bandeiraea 
simplicifolia 
Dogs + 
Man* 0 0 
+ 
'^ 2 
0 
B + 
AB + 
^After Hayes and Goldstein (1974). 
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In the ringneck doves (S. risoria) B. simplicifolia parallels 
reactivity of the peanut lectin (Miller, 1965); however, dogs have 
not shown individual differences when tested with the peanut lectin. 
B. simplicifolia differentiated between dogs, but not in a manner as 
definitely defined as desired. Therefore, two of the weakly reacting 
beagles were selected to absorb this lectin in an attempt to sharpen 
the individual differences. The absorption of this lectin is unusual 
because only the "middle" tubes show visible agglutination, and there­
fore, the absorbing endpoint can only be found by test. After the lectin 
was completely absorbed by the beagle red cells (which took six tubes), 
it titered 1/16 to 1/64 with reactive dog erythrocytes. ]B. simplicifolia 
from Ghana absorbed by erythrocytes from either of the two beagles 
produced the reagent specific for the dog blood type Bs. Sixty-five 
percent of the dogs tested are reactive with this reagent, one of the 
highest frequencies obtained in this investigation. 
Matings among the colony dogs were used to test the inheritance 
of the reaction pattern to reagent Bs. Matings of reactor with reactor 
and reactor with nonreactor produced both reactor and nonreactor dogs. 
Matings of nonreactor with nonreactor produced no reactors. The results 
are shown in Table lia. 
The matings were then divided to see if any dosage effect was 
present, that is, if the homozygotes had a higher titer than the 
heterozygotes. The stronger reactors, Bs^ (titer over 1/64) were 
compared to the weaker reactors, Bs^ (titer under 1/16) in Table lib. 
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Table lia. Matings to show inheritance of Bs blood type 
Number of Pups 
Mating matings Bs 
Bs X Bs 9 16 6 
Bs X — 4 7 7 
— X — 1 0 6 
Table lib. Matings to show if Bs blood type has dosage effect 
Number of Pups 
Mating matings Bsh Bsl 
Bs^ X Bs^ 3 3 3 0 
Bs^ X Bs^ 2 4 0 0 
^ 1 ^ 1 
Bs X Bs 4 2 4 6 
Bs^ X — 2 1 5 2 
Bs^ X — 2 0 1 5 
From the previous data it is apparent that reactivity is determined 
by a gene inherited as a Mendelian dominant to the gene for lack of 
reactivity. There is no simple dosage effect apparent in homozygous com­
pared to heterozygous reactive dogs . The chi-square statistic failed to 
show an association between Bs and factors 13, 16, 21, 22, and 23. 
Therefore, Bs appears independent of the other blood-typing systems in 
dogs. 
Since some strains of B, simplicifolia differentiate human B-type 
red-blood cells from other human red-blood cells, the Bs reagent was 
64 
tested to see whether this specificity was still present. As ex­
pected, A and 0 erythrocytes were not reactive, and all B cells (29) 
were reactive. An unexpected result was that most AB red cells (43) 
were nonreactivel AB erythrocytes which were reactive (14) gave 
weaker reactions with A reagents and were nonreactive with the A^ 
reagent Dolichos blflorus. Presumably, the AB reactors are A^B or 
even A^B. This is similar to the frequency found in South England where 
91 ware A^B and 22 (19%) were À^B; 1,204 were A^ and 342 (22%) were A^ 
among 3,459 individuals tested (Race and Sanger, 1975). Of the 58 human AB 
red-cells tested so far, only one did not fit this pattern; the exception 
was an apparent A^B which was also strongly reactive with Bs. This 
sample would have been used in trial absorptions to test its excep­
tional nature but only 1 ml. was available for testing. The results 
of these tests of the Bs reagent are shown in Table 12. 
Neuraminidase 
During the course of these experiments, three different dogs were 
found whose red-blood cells reacted with all the then current reagents 
to an unexpectedly high titer. When additional blood was desired for re-
testing, these dogs were found to be very sick (disease unknown); 
one dog died, and the other two recovered. When a new sample was 
obtained, the reactivity had returned to normal. Human T-antigen 
cells and rabbit erythrocytes are panagglutinative when there is 
bacteria-produced neuraminidase in the blood (Gold and Balding, 
1975). Therefore, a panel of dog erythrocytes were tested with 
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Table 12. Reaction of absorbed Bandeiraea slmplicifolia with erythro­
cytes of dogs and man 
Red cell type Number tested 
Bandeiraea 
simplicifolia 
abs. by Bs- dog 
erythrocytes 
Dogs Bs- 74 0 
Bs+ 140 + 
Man 0 8 0 
A 13 0 
B 29 + 
A^B 43 0 
A^B 1 + 
AgB 14 + 
neuraminidase to see if reactivity changed after the neuraminidase 
removed N-acetylneuraminic acid from red-blood cell surfaces. Blood 
samples from ten dogs selected to represent various breeds and blood 
types were washed and divided into two aliquots. To repeat the procedure, 
saline only was added to one group and neuraminidase in saline to the 
other. After treatment the cells were rewashed and tested with the 
standard reagents and the lectins Oryza sativa (rice), Vicia atropurpurea, 
and Wisteria sinensis. which had reacted with the original aberrant 
cells. The cells treated with neuraminidase showed markedly stronger 
reactivity and higher titers with the reagents 1, 2, 3, 5, 7, 13, 14, 
15, 17, 18, 19, 22, 23, 24, Bs and Ws, as well as the lectin Wisteria 
sinensis. There was a weaker reaction with reagent 21 and no change 
h h 
with 26. This change In sera and lectin reactivity is consistent with 
the hypothesis that a bacterial infection had caused neuraminidase to 
be in the blood and changed the reactivity of the red-blood cells. 
It does not exclude other possible sources of this panagglutination. 
Questionable Paternity 
Four litters of doubtful paternity were brought to the laboratory 
during these studies. Two cases were in the dog colonies being 
studied, one came from the I.S.U. Small Animal Clinic, and one came 
from Clearfield, Iowa. In two of the cases, one from the I.S.U, colony 
and the one from Clearfield, Iowa, the dam could have been bred to 
either of two possible males, and it was desirable to know which was 
the true sire. In the other two cases, the recorded sire was in 
question. 
In the first case, the single pup whelped had a blood factor 
not present in either of his recorded parents. This antigenic factor 
had previously behaved as though determined by a dominant gene; the 
alternative to a blood group factor is a detectable codominant or the 
absence of the factor. Since a neighboring dog had a critical blood 
factor, and the recorded sire was excluded, the laboratory report 
stated that the former qualified as the pup's sire while the sire of 
record was excluded, as shown in Figure 3. 
In the next case either or both of two dogs could have sired the 
litter. Three pups could definitely be assigned to sire I, and the 
remaining four pups to either. The chance of sire II siring the 
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recorded sire; type» — 
dam : type » ^ fpup;typeal6, 18 jt L 
assigned sire:type=16, 17, 18 
Figure 3. First paternity case — recorded sire excluded 
remaining four pups with none showing his unique blood factor is 
only 0.0625. Therefore the pups were all assigned to the first sire, 
although the second sire could not be excluded as a sire of four of 
the pups. 
/^:type = Bs 
sire I f type = Bs,16, 18 B:type = Bs 
C:type = Bs,16, 18 
dam : type = Bs 
sire II Î type = Bs, 13'' 
^ i D:type = Bs 
Eitype = Ssjlo, 18 
Fîtype = Bs,16, 18 
G:type •= Bs 
Figure 4. Second paternity case — sire II excluded 
In the third case, the dam had all the critical blood factors in 
which the sires differed so that neither sire could be excluded. This 
mating is shown in Figure 5. 
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sire P : type •= Bs, 24 ^  
^ îtype = Bs, 14, 19, 24 
Dam : type = Bs,14, 17, 19, 24—> -'type = Bs, 14, 19, 24 
S. 
A:type = Bs, 14, 17, 19, 24 
BJ type = Bs,14, 19, 24 
: 
' E;type = Bs, 14, 19, 24 
F ; type = Bs, 14, 19, 24 sire M : type = Bs '' 
îtype = Bs^ 14, 19, 24 
Figure 5. Third paternity case — neither sire excluded 
The last case is shown in Figure 6. The putative sire qualified 
even though it was questioned whether he was the sire. 
dam:type = 13, 14, 15, 10, j.? 
Figure 6. Fourth paternity case — possible sire not excluded 
Evidently, our current blood-typing test is able to exclude the 
incorrect sire in about fifty percent of the cases. As more reagents 
are found and utilized in the tests, this percentage should increase. 
sireitype = Bs, 14 
pup;type = Bs^13, 14 
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discussion and conclusions 
The main purpose of this experimentation was to find serum and lec­
tin reagents to differentiate among erythrocytic types of different 
dogs. This study disclosed 24 such reagents which showed individual 
differences among dogs. Methods previously reported were used as well 
as methods not used by previous experimenters. Isoimmune and normal 
sera and plasma have been used by almost all investigators; hetero-
immune sera with absorption by suitable red cells were used by some 
investigators outside the United States of America. Lectins have not 
previously been used to show individual differences in dogs. A new 
method worked out by W. J. Miller (Genetics Department), the use of 
completely absorbed lectins, was used in this study. A completely 
absorbed lectin reagent was developed and seems to be the first re­
ported for any species. 
The mode of inheritance of the various blood types in dogs was 
found to fit the assumption of control by genes dominant to the allele 
controlling lack of reactivity and codominant to other reactive alleles. 
This result agrees with the general mode of inheritance of erythrocytic 
reactivity. 
The various erythrocytic factors detected by the reagents were 
arranged into nine putative blood group systems each with from one to 
eight antigenic specificities and a recessive, nonreactive alternative. 
The arrangements were established according to subtype and statistical 
results. The critical segregating matings for allelic factor analysis, 
such as testcrosses and production of progeny, have not been made 
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in the breeding colonies. Therefore, the putative associations depend 
on comparisons of reaction patterns and corresponding chi-square 
statistics. Additional evidence could indicate that some of the blood 
group systems should be combined. 
Blood group system I contains two factors detected by isoimmune 
reagents. Only a few dogs were tested with both reagent 1 and reagent 6. 
If a dog reacted to one of these reagents, then it also reacted to the 
other. Therefore, factors 1 and 6 appear to be identical, but may be 
subtypes. They show no association with any other blood factors. 
Blood group system II contains the greatest number of red cell 
factors. To reiterate, factor 3 is a linear subtype within 2; 4 and 
16 through 20 are linear and nonlinear subtypes of each other. As 
noted in the results section, isoimmune factor 5 may have a subtype 
association with the isoimmune factors 2 and 3, as well as the normal 
antibody factors 4, 16, 17, and 18. Also, the statistical tests pre­
sented in the results section indicate an association between factors 
2 and 16. Therefore, the factors 2, 3, 4, 5, 16, 17, 18, 19, and 20 
have been placed in a single putative blood group system, group II. 
However, the data in Table 3a and 3c indicate that dogs react 
relatively infrequently with group II reagents. If it is assumed 
that the reactor dogs are heterozygous, expressing a single phenogroup 
allele dominant to the common allele controlling lack of reactivity, 
the possible phenogroups within this blood system can be listed as in 
Table 14. With the frequency of these reactors, however, it would be 
expected that about three of these dogs would have two antigenic 
alleles expressed. Therefore, some of these possible phenogroups 
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Table 13, Possible phenogroups in dog blood system II 
2 
2-3 
2-16 
2-3-16 
2—3—16—18 
2-3-16-20 
2—3—16—18—20 
2-3-16-17-18-20 
16 
16-18 
16-20 
16-18-20 
16-17-18-20 
16-19 
16-19-20 
16-18-19-20 
16-18-19 
could be diploid combinations. 
Some of the possible phenogroups in Table 13 could be diploid 
combinations of phenogroups in some or all of the dogs expressing these 
blood types. For example, type 2-16 could also be 2/16, type 2-3-16 
could also be 2-3/16, type 16-18-20 could also be 16-18/16-20, type 
16-18-19 could also be 16-18/16-19, and type 2-3-16-18-20 could be 
2-3/16-18-20 or 2-3-16-18/16-20 or 2-3-16-20/16-18, etc. Testcross 
progeny studies would clarify this situation. 
The normal sera or plasma from 200 dogs were checked for the 
presence of normal antibodies showing individual differences between 
dog red cells. Although infrequent, in the present experiment six 
such sera were found and provided reagents 4 and 16 through 20. These 
normal plasma reagents are probably the same as, or related to, the 
normal antibody reagent D of Swisher and Young. The reaction frequency 
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with the most frequently reactive of these reagents, 16, was 26.6% 
in the general population, which is similar to the frequency of type D 
of 22.3% (Swisher and Young, 1961). The D reagents of Swisher and 
Young were made up of nine normal antibody reagents with slightly 
different specificities (Christian et al., 1951). 
Normal isoantibodies (anti-A, anti-B) are frequently found in human 
sera (Wiener, 1962). Cattle commonly contain normal isoantibodies, 
although the frequency is dependent on breed and environmental factors 
(Stone, 1956). Dogs rarely produce normal isoantibodies. The low 
frequency in dogs is probably due to the lack of dog-antigens cross 
reactive with bacterial and other environmental antigens (Miller, 
1966b) rather than dogs just being poor antibody producers. 
The second largest blood group system is III. Blood group 
system III consists of the isoimmune factors 7, 13, 14, and 15. The 
nonlinear subtype association between factors 13, 14, and 15 is shown 
in Table 3b. The uncommon blood type 7 occurs in loose association 
with type 13 in the colony population, so all four have been placed 
in the same system, although this could be a founder effect association. 
Table 3b shows that these are uncommon blood types in the general 
population. Of the 214 dogs tested, it would be expected that less 
than 1 (0.7) dogs by chance (from Hardy-Weinberg calculations) 
would not be heterozygous for the nonreactive allele. On this reasoning 
then, Table 14 shows the phenogroups of the dog blood system III. 
There are statistical indications (probability of chi-square 
between 5% and 10%) that blood group system III may be associated 
with system II. If more data are obtained these systems may combine 
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Table 14. Probable phenogroups in dog blood system III 
13 
13-14 
13-15 
13-14-15 
into one. The association of many factors within a single blood group 
system is common, the most notable being the B system of cattle, and 
the Rh system of man. 
Blood group systems IV and V consist of factors detected by 
heteroimmune reagents. Although used to find M, N, and Rh of man, 
heteroimmunizations have not previously been used commonly in the study 
of dog blood types. However, Hosoda and Kita used chickens, and Iski 
and Terashima, and Ikemoto used rabbits to produce dog reagents after 
suitable absorptions (Sasaki, 1971). 
Rabbits, turkeys and ducks were injected with washed red cells. 
As expected, all such injections resulted in species-specific antisera. 
After suitable absorptions with washed dog erythrocytes, five rabbit 
antisera and one turkey antiserum yielded reagents detecting individual 
differences among dog red cells. 
The rabbit reagents which detected factors 10, 24, and 25 appeared 
to be linear subtypes and were placed together in group IV. This is 
not unexpected as they were produced in response to the same dog erythro­
cytes. The frequency of factors 24 and 25 is so high that phenogroup 
relationships have not been proposed. The small amount of reagent 10 
limited the information that could be derived. It is also possible 
that reagents 24 and 25 have the same base specificity as reagent 10 
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but possess additional, unrelated specificities, although trial 
absorptions have not disclosed such specificities. 
The small amount of reagent 12 available limited the amount of 
information about a relationship between rabbit-reagent 12 and the 
turkey-reagent 26. Based on limited results these factors were evidently 
subtypes and were placed in group V. 
Isoimmune reagents 21, 22, and 23 were not as well studied as the 
other reagents because they were discovered late in the study. At this 
time they have no apparent association with each other or with the other 
factors. Until more is known, these factors are considered to be in 
three separate dog blood groups, VI, VII, and VIII respectively. 
The isoimmune group of Swisher and Young (1961) is distinctive 
in that incompatibilities can induce shock and/or neonatal hemolytic 
anemia in reactive dogs; but neither condition was observed in this 
study during isoimmunizations. Swisher and Young (1961) considered 
A^ to be allelic to A^, but their other antigenic groups were con­
sidered to be independent of each other. This contrasts to the 
findings of my experiment in which many of the antigenic factors form 
subtypes and phenogroup alleles within blood group systems. 
Efforts to make reagents against previously nonantigenic alterna­
tives to blood group antigenic factors by injecting blood from non-
reactive dogs into reactive dogs were not successful. A possible 
explanation is that antigenic properties do not exist in these 
alternates. However, heterozygous recipients of the "AO" or (+-) sort 
would not form antibodies against "0"; homozygous (++) recipients 
would be necessary. Because most of the blood types are infrequent, it 
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is very likely that homozygous reactors were not among the recipients, 
and therefore no antibodies could be elicited. Other explanations 
for such lack of response may stem from the technique. For example, 
inactive species recipients, improper times or doses in the injection 
schedule, or undisclosed subtype differences may also form the basis 
for such results. 
Isoimmune sera could not be fractionated by absorption with canine 
erythrocytes from individual dogs. This was not expected because 
generally there is fractionation of isoimmune sera in other species 
by absorption with suitable erythrocytes. The inability to fractionate 
the dog antisera could be due to the lack of a correct absorbing cell 
type or the lack of multiple major specificities. 
In general the blood type frequencies obtained in this study were 
lower than those found by other researchers (Swisher et al., 1962; 
Bowdler et al., 1971). This is perhaps a reflection of the habit of 
other investigators of lumping related factors together (Christian 
et al., 1951), leaving multiple specificities in by not attempting to 
absorb their reagents, or using a larger volume of material to elicit 
the immune response. Swisher et al. (1953) used repeated injections of 
3 to 5 ml of whole blood to get an isoimmune response in dogs, al­
though Kamal and Ezzat (1969) found it "necessary" to use 20 ml in­
jections. Both amounts, perhaps, are greater than generally necessary 
to stimulate antibody production. Though 1 ml was found to be adequate 
in the present research, some antigens may require larger amounts to 
elicit responses. 
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Perhaps the smaller amount of antigen used to induce the immune 
response contributed to the high specificity of my reagents. The many 
different specificities allowed the factors to be grouped into 
systems and to be placed into proposed phenogroups (although breeding 
data are strongly recommended to confirm them). Previous investigators, 
with the notable exception of some Japanese investigators, found 
few nonindependent blood types. 
Blood group IX consisted of the factor detected by the lectin reagent 
Bs. Bs was produced by absorbing Bandeiraea simplicifolia by particular 
dog erythrocytes. The absorption was unusual in that only the middle 
series of absorption tubes showed visible signs of agglutination. 
My observations were consistent with those of Boyd (1963) indicating 
that old seeds, as well as certain other sources of B. simplicifolia, 
lacked reactivity. This was somewhat unexpected because lectin seeds 
generally have stable lectin compounds, although variety differences 
sometimes occur. Bs is the first case of a completely absorbed lectin 
being used as a reagent for blood typing. 
Lectins are generally assumed to contain only a single molecular 
species, instead of two or more specificities on separate molecules. 
However, according to Gold and Balding (1975) Lotus tetragonolobus 
has three separate proteins and only one specificity, and Ulex 
europaeus has two separate proteins with a single specificity. In 
contrast, Canavalia ensiformis has two specificities but one molecule. 
If a lectin contained a single specificity, or a single lectin protein, 
and if it were completely absorbed by reactive red-blood cells, then 
all lectin reactivity would be lost. Conversely, if there were two 
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or more reacting proteins within the lectin extracts, then one type 
could react with one sugar residue while another was reactive with a 
different sugar residue. This would be similar to the great variety 
of reactive antibody molecules in immune sera. 
Attempts to fractionate thirteen strong lectins by absorptions 
with dog or turkey red-blood cells were successful in nine cases as 
shown in Table 9. The fractionation is especially evident in the sub­
set shown in Table 8. That is, the lectins retained the ability to 
react with a subset of the species with which they were originally 
reactive, thus showing at least two specificities on separate molecules. 
Dog red cells do not always react identically to lectins supposedly 
having the same chemospecificity as was seen in Table 7. In the case 
of a strong reaction versus no reaction, the sugar specificities on the 
red-cell membrane may be located in an inaccessible position for 
interaction with the lectin receptors. The inaccessibilities include 
sugar specificities too far apart, below the surface, or otherwise in­
accessible due to steric hindrance, so that not all lectin receptors 
are able to interact to cause agglutination. Also plant varieties 
within a species sometimes differ in their ability to produce lectin 
activity (Boyd, 1963). In the case of weak reaction versus no reaction, 
the variation may be due to the former reasons, to a different 
concentration of the lectin molecules, or to cross-reaction with a 
similar sugar residue. 
After the reagents were developed and characterized, they were 
available for use in disputed parentage cases. Blood typing was used 
to test paternity in four separate litters. In two of these cases one 
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dog could be excluded, as the pups had blood types inconsistent with 
his being the sire, and the other qualified and, therefore, was 
assigned as the sire of the litter. In the other two cases a sire 
could not be excluded. Evidently, with our present reagents, an 
incorrect sire can be excluded in about half the cases. As more blood 
factors are discovered, the chances of solving such parentage cases 
will increase. 
Because of the small number of dogs tested per breed, it was not 
feasible to show differences in factor frequencies among breeds except 
in the I SU colonies. However, because only a small number of dogs 
originated in the colonies, "founder effect" and/or "genetic drift" 
could produce factor frequencies different from the breed norm. There­
fore, any conclusions made about breed gene frequency are questionable. 
It has been shown in this study that dog erythrocytes occasionally 
become panagglutinative. This state is associated with illness of 
unidentified cause. ^ vitro treatment of dog red-cells with neuraminidase 
gave an analogous response. Oryaa sativa (rice), Vicia atropurpurea^ 
and Wisteria sinensis reacted strongly only with the panagglutinative 
red cells from the sick dogs and with the enzyme treated red cells. 
Wisteria sinensis — absorbed by turkey red cells, the reagent Ws, 
reacted only with the panagglutinative or treated erythrocytes. These 
lectins might therefore be used for clinical diagnosis of this condi­
tion. 
In several ways dog blood does not behave like the blood of other 
animals used in immunological work. The most notable of these dif­
ferences is the pronounced nonspecific lysis which many researchers 
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have observed, such as Olson (1940), Hamilton (1948), Swisher and Young 
(1961) and Huang et al. (1974). When a 3% suspension of washed dog 
erythrocytes is mixed with undiluted dog plasma or serum, the dog cells 
lyse within two hours. This lysis occurs even when the cells and sera are 
from the same dog. Swisher and Young (1961) observed that adding 
glucose helped prevent nonspecific lysis of dog erythrocytes vitro. 
I suggest a possible explanation is that there is a heat-stable 
substance (not inactivated by heating to 56°C for 30 minutes) in 
normal dog sera and plasmas which causes the lysis of dog erythro­
cytes. Further, ^  vivo, the activity of this substance is resisted 
by a second substance (perhaps an energy source) in dog erythrocytes 
which is removed by washing in the saline solution. 
Human AB Structure 
To recapitulate; because Bandeiraea simplicifolia is known 
to react strongly with human B and AB red-cells, weakly with A^, and not 
at all with A2 and 0 (Hayes and Goldstein, 1974), our absorbed 
reagent Bs was tested with human red-blood cells. The reagent Bs 
reacted with all B, but with only some of the AB cells tested; with 
one exception, the AB cells which did react were those which reacted 
weakly with the A reagents. Evidently the Aj^B cells are nonredctive, 
while A^B and lesser subtypes are reactive. 
The A and B immunodominant sugars are attached to the basic H (0) 
oligosaccharide chains. These chains differ in that one has a Pl,3 
linkage between the terminal galactose and N-acetylglucosamine, the 
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other chain has a Pl,4 linkage in this position. The A specificity 
is caused by the addition of N-acetylgalactosamine, the B specificity 
by the alternative addition of D-galactose, and the AB specificity 
has both sugars added. The immunodominant sugars could be reversed 
in Figure 7, 
FUC FUC 
01,2 
41,3 
NGAL GAL NGLU 
GAL ,NGLU NGAL serl 
•31,6 
GAL GAL ) ^^'^(nGLU 
01,2 al,3 
FUC FUC GAL = D-galactose 
FUC = L-fucose 
NGAL = N-acetylgalactosamine 
NGLU = N-acetylglucosamine 
ser = serine in cell membrane 
Figure 7. Diagram of a possible human blood type AB structure (after 
Watkins, 1966; Lloyd and Rabat, 1968; Sharon, 1974). 
It is generally thought that the weaker subtypes of A are the result 
of fewer sugars of the proper specificity being added to the basic bifur­
cate chains (Lloyd and Kabat, 1968). It also seems to be a tacit assump­
tion that the sugar specificities are added randomly to the various chains. 
The research data accumulated in this study show that a "pair" of 
terminal sugars must consist of both an A and a B in the case of AB 
erythrocytes. Otherwise the A specificity would not be able to inter­
fere by the presumed steric hindrance with the Bs reaction (with fewer 
81 
A determinants to interfere the A2B type is reactive). If the 
attachment of both A and B specific sugars on each bifurcate chain were 
random approximately 1/4 of the bifurcated chains would have only B 
immunodominant sugars and therefore react as shown in Figure 9. 
— a g g l u t i n a t i o n  
Figure 8. Reaction expected with A interfering with Bs reactions IF 
attachment is random 
Because Bs does not react with human A^B erythrocytes, randomness 
of attachment cannot occur, and each pair of chains must contain both an 
A and B specificity. Two possible explanations for this nonrandomness 
are evident. The first is that after one terminal sugar has been 
randomly selected and attached to one chain of the pair, biochemical 
constraints allow only the other sugar residue to be attached to the 
other chain. The second is that one chain preferentially attaches one 
sugar, and the other chain the other sugar. Considering the known 
linkages, Pl,3 vs Pl,4 which could control additional restrictions, 
this latter hypothesis is preferred. The single exception to the 
pattern, a strong reactor with both Bs and -A, could be a variant for 
this process, possibly because of mosaic admixture, somatic admixture, 
None 
None 
None 
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acquired A (Kourteva et al., 1977), acquired B (Judd et al., 1977), 
panagglutinativeness, or mutation. 
Possible Future Research 
If immunogenetic relationships of the red cells of dogs is to be 
pursued, of course, more reagents need to be obtained. Some of the 
reagents produced in this research have been depleted and need to be 
replicated, if possible. Reagents with new specificities should be 
sought from both lectin and serum sources to increase the ability to 
exclude an incorrect parent in parentage cases. 
The factor determined by reagent 2 and that determined by reagent 
13 have shown some, but not significant association. More data need to 
be collected to decide whether they are or are not associated. 
Phenogroup information currently depends on comparisons of reaction 
patterns and statistical associations. Allelic factor analysis in­
cluding testcrosses and production of progeny should be made to 
confirm them. 
Although not reported here, there was some evidence found during 
the experimentation that some dogs possess normal antibodies against 
some red-cell types of man and other species. Future research should 
explore this area further. 
Dog erythrocytes are known to lyse under conditions in which the 
erythrocytes of other species do not. The conditions under which this 
occurs and possible mechanisms should be investigated. 
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Certain sick dogs have shown "panagglutination" of their red-blood 
cells. An analogous situation can be induced by treating erythrocytes 
with neuraminidase, although it is not known if this happens naturally. 
Any disease which may form the basis for this condition needs to be 
noted whenever such panagglutination is encountered. 
Evidence from reactivity with a dog-absorbed lectin (Bandeiraea 
simplicifolia) has been presented in this study indicating that human 
A and B immunodominant sugars are not randomly attached to the red-
cell glycoprotein. The exact mechanism of transferase control of 
placement of the terminal A and B sugars, perhaps through recognition 
of the different linkages within the bifurcated chain, needs to be ex­
plored. 
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APPENDIX. SELECTED DOG ERYTHROCYTE REACTIVITIES 
Table Al. Selected dog erythrocyte reactivities 
Dog name 1 2 3 4 5 6 7 10 12 13 14 15 
Reagents 
16 17 18 19 20 21 22 23 24 25 26 Bs Ms 
A2F 'Sassy' 0^ + 0 0 0 0 + + + 4- 4- 0 0 0 0 
c 
4- 4- 0 0 0 
A3F 'Monday' 0 0 0 0 0 0 0 - - 0 0 0 0 0 0 0 0 + 0 
A5M 'Wed.' 0 0 0 0 0 0 + 0 0 0 0 0 0 0 0 0 0 4- 0 
A7M 'Chipper' 0 0 0 0 0 0 + 0 0 0 0 0 4- 4- 4- 4- 0 4- 0/4-
A8F 'Babe' 0 + 0 0 0 0 + 0 
B3F 0 + + + + 0 + 0 0 0 0 0 4- 0 4- 0 4- 0 
B4F + + + + + + 0 - - — - - - - - - - - - - - - - - 0 
B5M 0 + + 0 0 0 0 0 + 0 0 0 0 0 0 - - - - - - - 4- 0 0 
B7F 'Queen' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 
ClOF 'Stubs' 0 0 0 0 0 0 0 - - 0 0 0 4- 0 + 4- - - - - - - 0 + 0 
C18F 'Pest' 0 0 0 0 0 0 0 - - 0 0 0 4- 4- 4- 4- 0 4- 0 
C22F 'Marie' 0 0 0 0 0 0 0 + 0 + + 4- 0 0 0 0 0 0 0 
C21M 'Jumper' 0 0 0 0 0 0 + + 0 + + 4- 0 0 0 0 - - - - 4- 4- 0 4- 0 
C25F 'Christy' 0 0 0 0 0 0 0 + 0 + + 4- 0 0 0 0 - - - - - - 0 4- 0 
C50M 'Perro' 0 + + 0 0 0 0 - - + + 0 0 0 0 0 0 - 0 0 4- 4- 4- 4- 0 
C51F 'Silly' 0 + 0 0 0 0 0 0 + 0 0 0 0 0 0 - - - - - - - 4" 0 0 
C108F 0 0 0 0 0 0 0 + 0 + + 0 0 0 0 0 4- 0 
DlllF 0 0 0 0 0 0 0 - - 4- 0 0 4- 0 4- 0 4- 0 
D112M 0 0 0 0 0 0 0 - - 4- 0 0 4- 4- 4- - - - - - - - 0 4- 0 
D132M 0 0 0 0 0 0 0 - - 0 0 0 4- 4- 4- - 4- - 0 0 0 0 0 4- 0 
D133M 0 0 0 0 0 0 0 - - 0 0 0 4- 4- 0 - 0 - + 0 4- - 0 + 0 
D146M 0 0 0 0 0 0 0 - - 0 0 0 4- 0 4- - 4- - 4- 4- 4- - 0 4- 0 
D174F 0 0 0 0 0 0 0 - - 4- 0 0 0 0 0 0 - - - - - - 0 0 0 
D177F 0 0 0 0 0 0 0 - - 4- 4- 4- 4- 4- 4- + 0 + 0 
D234 0 + H- 0 0 0 - - - 4- 4- 4- 0 0 0 0 4- + 0 
D239 0 + 0 0 0 0 - - 0 + 0 0 0 0 0 - - - - 0 0 0 0 0 
258F 0 0 - 0 0 - 0 - - 4- 4- 0 + 0 + + - - - - + 4- 0 + 0 
260M 0 0 - 0 0 - 0 - - 0 0 0 0 0 0 0 0 - 0 0 4- 0 0 + 0 
263M 0 0 - 0 0 - 0 - - 0 0 0 + 0 + + + - 0 0 + 0 0 + 0 
A55 0 0 0 0 0 0 0 - - 0 0 0 0 0 0 — — — — 4- 0 0 0 0 
A740 0 0 0 0 0 0 0 _ — •1- 4" 0 0 0 — — - — — - - - - 4- 0 
C7 0 0 0 0 0 - 0 - . - 0 0 0 0 0 0 0 — — — — 0 0 0 4- 0 
C27 0 0 0 0 0 _ + — — 0 0 0 0 0 0 0 — — — - 0 0 0 0 0 
C28 0 0 0 0 0 - 0 - - 0 0 0 0 0 0 0 - - - - 4- 0 0 4- 0 
Ell 0 0 0 0 0 0 0 - - + 4- 0 0 0 0 - - 4- - 4- - - - 4- 0 
E17 0 + + 0 0 0 0 - - + 0 0 0 0 0 0 - - - - 4- 4- 4- 4- 0 
E18 0 + + 0 0 - - - - - - - 0 0 0 0 - - - - 4- 0 4- 4- 0 
G07 0 0 0 0 0 - + - - 0 0 0 4- 0 0 0 - - - - 4- 0 0 4- -
K06 0 0 0 0 0 - 4- - - 0 0 0 4- 0 0 0 - - - - 4- 0 0 0 0 
KO 7 0 0 0 0 0 0 0 - - + 4- 0 0 0 0 - - 0 - + - - - 4- 0 
M006 0 0 0 0 0 0 0 - - + 4- 4- 0 0 - - - 0 - + - - - 4- -
POll 0 0 0 0 0 0 0 - - + -f- 0 0 0 0 - - 0 - + 4- 4- - 0 -
P014 0 0 0 0 0 0 0 - - + 0 0 0 0 0 0 — — — — 4- 4- 0 0 0 
117 0 0 0 0 0 0 0 — — + 4- 4- 0 0 0 0 — - - - 4- 4- 0 0 0 
147 0 0 0 0 0 0 0 - — 4" 4- 4- 4- - - - — 4- - + - - - 4- — 
148 0 0 0 0 0 0 0 - - + 4- + 0 0 - - - 4- - 0 - - - 0 -
524 0 + 0 0 0 0 + - - 0 0 0 0 0 0 - - - - - - - - 0 — 
155 0 0 0 0 0 0 -0- - - 4- 0 0 0 0 0 0 - 0 - + 0 0 0 4- 0 
S02 0 + 0 0 0 0 0 - - 4 0 0 0 0 - - - - - - - - - 0 0 
S15 0 + 0 0 0 0 0 - - 4 0 4- 0 0 4- 0 
S44 0 + 0 0 0 0 0 - - 0 0 0 0 0 0 0 
SOI 0 + 0 0 0 0 0 - - 4- 4- 0 0 0 0 4- 0 
491380 0 0 0 _ 0 — 0 — — 4- 0 0 0 0 0 0 0 0 4- 0 
491911 0 + + - 0 - 0 - - 0 0 0 4- 4- 4- 0 4- 0 0 0 
^0 means reagent did not react with this dog's erythrocytes, 
means reagent agglutinated this dog's erythrocytes. 
means reagent not tested with this dog's erythrocytes. 
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